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Ü>Ý5Þ�ß�à'á�â�Ü>âOá�Ý0ã�ä
å�æ�ß�æ�ç	á�è�Ý9é�â�é5ã�Ý0Ü>èpê�ë�ì�ê�í9ã�é�ê'î�Ý5ï
ð à�ì�ñ#ã#ò�ã�æ	ÜZó�ë	æ�ì�í9ô�â�âöõ�Ý0î�ë�æ	á�ò4÷�ò�ì�ñ�á�æ]øIâ�î�æ�ù�æ	úöõ�ò#ï
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�ù�æ���ß
ò�ç�æ�ì�Ý�Ý6Ü.ò	é�é�â�ë�ï
á�è�ú ù�æ	Ü>õ�æ	á�Ý�á�ã´øIâ�î�æ�ù�æ	úþõ�ò�î�è ß�æ	é�ã�â
�5ò�Ý0ã�é�ã#ò4ß�â�â
ù�î�ò	é5á�æ���æ���â
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ò�â�Ü>Ý�Ý0ã���ì�à�ç�æ	ù�à�í ù�æ�á$ï
ë�Ý0ù�ã�â�ë	á�à�í æ	ç�æ�ì�æ�÷�ù�à�
�ã�æ<ë<æ	ã�ë�Ý0ã'á�ò!õ�æ	ã�Ý�î�í Ü.ò�é�é�è
ð ë	Ý ð ß
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�â6õ�æ	ã�Ý�î�ê]Ü.ò�é�é�è é5ã#ò�á�æ�ï
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ð ë	Ý ð ß
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Ý�ÝOÜ.ò�é0é5è�ä#"�é5ì�â ð ë�Ý ð ß
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æ�ç	æ�ì�æ	÷�ù�à (M2 > 0.3M�) 
>ã�æ6Ý�Ý<î�ò4ß
â�à	é7à�ë	Ý5ì�â�÷�â�ã#ïé�êOâ�é5ã#ò�á�Ý�ã%Ü>á�æ���æ7ç�æ�ì�ñ�øIÝ�î�ò�ë	á�æ�ë	Ý0é�á�æ��0æ�ä&%�ò4÷�á�Ý0ã�é�ê
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â�á�ò�Ü>â�÷�Ý0é�ù�æ	Ý�ã�æ	î$ï
Ü>æ4ÞIÝ0á�â�Ý9æ�ãYë ð ò�â�Ü>æ�ß�Ý�ú�é�ã�ë�â�ê7é9æ�ù�î�à�Þ�ò�í���â�Ü]â�ÿ�ë	Ý5ï
��Ý�é5ã�ë	æ	Ü¡â!ç	à0ß�à�ãYõ�æIé�õ�â�î�ò�ì�â%õ�î�â�ç�ì�â�Þ�ò�ã�ñ	é�ê�ß�î�à/��ù
ß�î�à/�0à�ä10�â�é0é5â�õ�ò�ô�â$ê¡æ�î�ç	â�ã#ò#ì�ñ	á�æ�ú6ó�á�Ý0î
��â�â û�ã�æ�î�Ü>æ ð ï
á�ò�êpé5ë	Ý�ã�â�Ü>æ	é5ã�ñ��'ç�à0ß�Ý0ã�ë	æ ð î�ò�é�ã4ò�ã�ñ½õ�æ Ü>Ý0î�Ý�é5ç�ì�â$ï
ÞIÝ0á�â$ê ð ë�Ý ð ß´â½ë6ù�æ�á�ô�Ý'ù�æ�á�ô�æ	ë�Ü>æ4ÞIÝ0ã�õ�î�â�ë�Ý0é�ã�â½ù
é5ç	î�æ	é�à!æ	ç�æ�ì�æ�÷�ù�âQä�å�æ	é5ì�Ý�æ�ù�æ�á�÷�ò�á�â�ê�!�".ï2��ò ð è õ�ò�î�ò
é5ã#ò�á�æ�ë	â�ã�é�ê'Ü>Ý0á�Ý�ÝYÜ.ò	é�é5â�ë�á�æ	ú'â<ç�æ�ì�Ý�Ý�ã�Ý�é5á�æ	ú3ä3 æ ë�î�Ý0Ü�ê ù$ò�ã#ò�é�ã�î�æ���â�÷�Ý0é�ù�æ�ú õ�æ�ã�Ý�î�â Ü.ò�é�é�è
��ì�ò�ë�á�è)Ü ù�æ	Ü>õ�æ�á�Ý0á�ã�æ	Ü ë�æ ð Ü>æ4Þ7á�ò�é�â�ã�à	ò�ô�â$ê�
.ù�æ���ß�ò
ë�Ý4��Ý�é5ã�ë	æ�ç�à0ß�Ý0ã´à�ÿ	æ�ß
â�ã�ñ�â ð é5â�é5ã�Ý�Ü>è ÷�Ý0î�Ý ð ë�á�Ý0øYï
á�í9í ã�æ	÷�ù�à65Yò7�0î�ò�á$Þ�ò L2

ä�8Kã�æ´õ�î�â�ë	ÝÙß�Ý0ã�ù_æ	÷�Ý�á�ñ
ç�è)é�ã�î�æ	ú!õ�æ	ã�Ý�î�Ý�ó0á�Ý�î
�0â�âOé5â�é�ã�Ý0Ü>æ	ú'â<æ�÷�Ý0á�ñ�ç�è)é5ã�î�æ�ï
Ü>à!é�Þ�ò�ã�â�í»æ	î�ç�â�ã�è�ä( ã#ò�ù�
�!�".ï2��ò ð ò ð ò�ù$ò�á�÷�â�ë	ò�Ý�ã�é�êIâ$ì�â7é5ç	î�æ	é�æ	ÜWæ	ç�æ�ï
ì�æ	÷�ù�â:9Uç	à0ß�à/��Ý�ú,õ�ì�ò�á�Ý0ã#ò�î�á�æ	ú]ã�à$Ü.ò�á�á�æ�é5ã�â;
8ë�î�Ý5ï
ð à�ì�ñ#ã#ò�ã�Ý ÷�Ý4��æSæ	ç�î�ò ð à	Ý�ã�é�ê Ü.ò#ì�æ	Ü.ò�é0é5â�ë	á�ò#ê ã�Ý�é5á�ò�ê
ß�ë	æ�ú�á�ò�ê<é�â�é5ã�Ý�Ü.ò


â$ì�â�é5ì�â$ê�á�â�Ý�Ü ù�æ	Ü>õ�æ	á�Ý�á�ã�æ�ë�ä � ò�ù
ù$ò�ù�ë�æ ð á�â�ù�ì�â�õ�Ý0î�Ý0Ü>Ý0á�á�è�Ý�!�<öâ=�>! 3 
�ã�æYÜ>è ð á�ò�Ý0Ü�

÷�ã�æ�æ�é5à/��Ý�é5ã�ë	â$ì�é�ê'õ�Ý�î�ë	è�ú'ë�ò�î�â�ò�á�ã4ä

!Kõ�â�é�æ�ù?�>! 3 âþá�Ý�ù�æ	ã�æ�î�è�Ý6â$ÿ ÿ�ò�î�ò�ù�ã�Ý�î�â�é�ã�â�ù�â
õ�î�â�ë�æ�ß�ê�ã�é�ê<ë�ã4ò�ç�ìQäA@�û�õ�î�â�ë�ÝÙß
Ý�á�ò�ë7ù�æ�á�ô�Ý�é�ã#ò�ã�ñ	â+�Ùä

B�CEDGFIHJFIK�L�H#MONOP�L;QSRON�LTQSUIFWV�QSH#UWXZY*[]\
, á�âöâ ð à�÷�Ý�á�è ë,æ�é5á�æ	ë�á�æ�Ü ë�æ	õ�ã�â�ù�Ý	ä � æ�ì�ñ�ù�æ^<�_/`/@aJb7c á�ò�ç�ì�í�ß
ò�ì�ò�é�ñ<ë	æ�Ü>á�æ���â$ÿ�ß�â�ò�õ�ò ð æ	á�ò#ÿ2ä � ò�ù�ù$ò�ù
�>! 3 ê�ë�ì�ê�í�ã	é�ê6î�ò ð ß�Ý�ì�Ý�á�á�è)Ü>â�ß�ë	æ�ú�á�è)Ü>â6é5â�é5ã�Ý�Ü.ò#ï
Ü>â�
�ã�æpà»á�â$ÿSæ	ã�é5à�ã�é�ã�ë�à�í�ãþê�ë�ì�Ý�á�â$ê�
�æ	ç�à	é5ì�æ�ë�ì�Ý�á�ï
á�è�Ý�ò�ù�ù�î�Ý�ô�â�Ý�ú3ä 3 ÷�ò	é5ã�á�æ	é5ã�â�
$á�â!à!æ�ß�á�æ�ú!â ð á�â$ÿ%á�Ý

á�ò�ç�ì�í�ß
ò�Ý�ã�é�ê�ç	è)é5ã�î�è�ÿd�+ì�à�ù�ã�à	ò�ô�â�ú6ç�ì�Ý�é5ù$ò

�ÿ�ò�î�ò�ù$ï
ã�Ý0î�á�è�ÿ¡ß�ì�ê�ë�é5Ý5ÿe��<Ef�á�òWâ�ÿ¡æ	î�ç�â�ã#ò�ì�ñ�á�è�ÿ]ù�î�â�ë�è�ÿ
ç�ì�Ý0é5ù$ò½á�Ý�ã6��æ	î�ç�æ	ë½æ	ãe��æ	î�ê�÷�Ýg�0æ´õ$ê�ã�á�ò

�ë	æ ð á�â�ù$ò�í)ï
��Ý4��æIë�Ü>Ý�é5ã�Ý�é5ã�æ�ì�ù�á�æ�ë�Ý0á�â$ê!é�ã�î�à�â<é+ò�ù�ù�î�Ý�ô�â�æ�á�á�è)Ü
ß�â�é�ù�æ	Ü�f3æ	ã�é5à�ã�é�ã�ë�à�í�ã�ù�ë	ò ð â�õ�Ý0î�â�æ�ß�â�÷�Ý0é�ù�â�Ý�ë	é�õ�è�øYï
ù�â3ä>å�Ý�î�Ý0Ü>Ý�á�á�æ	é�ã�ñWç�ì�Ý�é5ù$ò��>! 3 â�Ü>Ý0Ý�ãWß
î�à/��â�Ý%õ�î�â$ï
÷�â�á�è�h�õ$ê�ã�á�â�é5ã�æ�é5ã�ñ'õ�æ�ë	Ý�î�ÿ$á�æ	é�ã�âOù�î�ò	é5á�æ���æ�ù$ò�î$ì�â�ù�ò
â%Ý4��æ�ÿ$î�æ�Ü>æ	ég��Ý0î�á�ò�ê7ò�ù�ã�â�ë	á�æ	é�ã�ñ�
	õ�à�ì�ñ	é0ò�ô�â�â%ç�Ý�ì�æ��0æ
ù$ò�î$ì�â�ù$ò

�æ�ç�ì�à�÷�Ý�á�â�Ý+æ�ß
á�æ��0æIù�æ	Ü>õ�æ�á�Ý0á�ã#òYß
î�à/��â�Ü�äi á�Ý�ù�æ�ã�æ�î�è�ÿ?�>! 3 á�ò�ç�ì�í�ß
ò�Ý0ã�é�êöß�æ�ì���æ	ë�î�Ý�Ü>Ý�á$ï
á�ò�ê]õ�Ý�î�Ý�Ü>Ý�á�á�æ�é5ã�ñ6ç�ì�Ý�é5ù$ò,û�á�ò�õ�î�â�Ü>Ý�î�à:<�j Û @lk�m�n�
oOoqp&r�s 
l��t�u�v7j ◦ vw_�x Û 
y��t�u Û x ◦ v7z�j�{|�>t�ï}@'v ◦ @�@w`7v&

k a~p/sg� �Ùä 3 é�Ý�ó0ã�â,é5â�é�ã�Ý0Ü>è ê�ë�ì�ê�í�ã�é�ê]ô�Ý�á�ã�î�ò#ì�ñ�á�è�ï
Ü>â ð ë�Ý ð ß
ò�Ü>â�õ�ì�ò�á�Ý0ã#ò�î�á�è�ÿ�ã�à$Ü.ò�á�á�æ	é�ã�Ý�ú�
�âYõ�Ý0î�Ý0Ü>Ý0á$ï
á�æ�é5ã�ñ7ç�ì�Ý0é�ù�ò�æ	ç�à�éÙì�æ	ë�ì�Ý0á�ò�ß
ë�â$Þ�Ý�á�â�Ý�Ü�æ�ç�ì
ò�ù�æ�ë�õ�è�ï
ì�âIâE�5ò ð ò)ë9ã�à$Ü.ò�á�á�æ�é5ã�âQä�!�ì�ÝÙß�à	Ý�ã9Ýg��ÝKæ�ã�Ü>Ý0ã�â�ã�ñ+
#÷�ã�æ
ç�æ�ì�ñ�øIâ�á�é�ã�ë�æ�â ð á�â�ÿþë�â$ß�á�è õ�æ�ß Ü.ò#ì�è)Ü>â»à/��ì�ò	Ü>â
û 3 æ	ú$ÿ�ò�á�é5ù$ò#ê�
>v7x�x�v���
�â_ó�ã�æ,ß�æ	õ�æ�ì�á�â�ã�Ý5ì�ñ�á�è�ú ò�î
��à�ï
Ü>Ý�á�ã6ë¡õ�æ�ì�ñ ð à,õ�î�ÝÙß�õ�æ�ì�æ4Þ�Ý�á�â$ê�
>÷�ã�æ¡õ�î�â�÷�â�á�æ�ú�õ�Ý5ï
î�Ý�Ü>Ý�á�á�æ�é5ã�â�ê�ë�ì�ê�í�ã�é�ê7õ�î�æ�ô�Ý�é�é5è´ë�æ�ù�î�à	Þ�ò�í���Ý�ú�ã�à�ï
Ü.ò�á�á�æ	é�ã�â3ä�0�î�à/�0æ�úpõ�î�â�÷�â�á�æ�úpß�æ�ì���æ	ë�î�Ý�Ü>Ý�á�á�æ�úpõ�Ý5ï
î�Ý�Ü>Ý�á�á�æ�é5ã�â ç�ì�Ý0é�ù�ò]Ü>æ���à�ã]ç�è�ã�ñ]â ð Ü>Ý�á�Ý0á�â$ê_ò�ù�ã�â�ë�ï
á�æ�é5ã�â¡ù�î�ò	é5á�æ���æ<ù�ò�î$ì�â�ù$ò�

ù�æ	ã�î�è�Ý�õ�æ�ß�æ	ç�á�èSô�â�ù$ì�ò	Ü
é5æ�ì�á�Ý0÷�á�æ�ú ò�ù�ã�â�ë�á�æ	é5ã�â3ä i <O_&`/@ a�b�c æ�ç�á�ò�î�à�ÞIÝ0á�è
ô�â�ù�ì�èSõ�î�æ�ß
æ�ì�Þ7â�ã�Ý�ì�ñ�á�æ	é5ã�ñ�í Û

± x�ä Û ì�Ý0ã6û ( ç	ò�á�æ���ì�àâ�ß�îQä�
/@4{�{7_/�Ùä�å�æ�ï¶ë	â�ß�â�Ü>æ�Ü>à�
�õ�î�â�÷�â�á�æ�ú�õ�Ý�î�Ý�Ü>Ý�á�á�æ�é5ã�â
ë%õ�æ�ß
æ�ç�á�è�ÿ<éÙì�à�÷�ò#ê$ÿ!ê�ë�ì�ê�Ý�ã	é�êOâ ð Ü>Ý�á�Ý�á�â�ÝIõ$ì�æ��Iò4ß
â
õ�æ	ë�Ý�î�ÿ$á�æ�é5ã�â�
 ð ò�á$ê�ã�æ	úOõ$ê�ã�á�ò	Ü>â3ä� ò�î�ò�ù�ã�Ý�î�á�æ	ú ÷�Ý0î�ã�æ	ú æ�î�ç�â�ã#ò#ì�ñ�á�è�ÿ ù�î�â�ë�è�ÿ
ç�ì�Ý0é5ù$òþç�æ�ì�ñ�øIâ�á�é5ã�ë	ò��>! 3 ê�ë�ì�ê�Ý�ã�é�êZ÷�Ý�ã�ù�æ ë	è�î�ò#ï
ÞIÝ0á�á�è�ú�ó4����Ý0ù�ã9æ	ã�î�ò�ÞIÝ�á�â$ê3ä , á�é5æ	é�ã�æ�â�ã9ë�ã�æ�Ü�
�÷�ã�æ
é5ã�æ�î�æ	á�ò<ÿ	æ�ì�æ�ß�á�æ���æOù�æ	Ü>õ�æ	á�Ý�á�ã#ò�
3æ�ç	î�ò7�IÝ�á�á�ò�ê¡ù,ç	Ý5ï
ì�æ�Ü>àWù�ò�î$ì�â�ù�à�
�æ�ç�ì�à�÷�ò�Ý0ã�é�ê�â�Ü�
�õ�æ���ì�æ��Iò�Ý�ã%Ý4��æ<à�ì�ñ�ï
ã�î�ò���â�æ�ì�Ý�ã�æ	ë�æ�Ý�â ð ì�à�÷�Ý0á�â�Ý)â%õ�Ý�î�Ý0â ð ì�à�÷�ò�Ý�ãYó0á�Ý�î���â�í
ë ç�æ�ì�Ý�Ý�ß�ì�â�á�á�æ�ë	æ�ì�á�æ	ë�æ	ú_æ�ç�ì�ò�é�ã�â3ä ( ð ï ð ò´ó�ã�æ���æ�Ý�Ý
ã�Ý�Ü>õ�Ý�î�ò�ã�à�î�ò%â6é5ë�Ý0ã�â�Ü>æ�é5ã�ñ'ç�æ�ì�ñ�ø�Ý�
�÷�Ý�Ü á�ò%á�Ý0æ	é�ë�Ý5ï
��Ý0á�á�æ	ú'õ�î�æ�ã�â�ë	æ�õ�æ�ì�æ4Þ7á�æ�ú<é5ã�æ	î�æ�á�Ý�ä� î�æ	Ü>ÝWó'����Ý�ù�ã#ò¡æ�ã�î�ò#Þ�Ý�á�â$ê õ�î�â�÷�â�á�æ	ú�â ð Ü>Ý�á�Ý5ï
á�â$êOç�ì�Ý0é5ù$ò�Ü>æ4ÞIÝ0ã�ç	è�ã�ñ�á�Ý0é�ã#ò�ô�â�æ	á�ò�î�á�æ	é�ã�ñ�ë�ã�æ	î�â�÷$ï
á�æ���æ ù�æ	Ü>õ�æ	á�Ý�á�ã#ò�
�ã4ä Ý�ä'Ýg��æZÿ$î�æ�Ü>æ	ég��Ý0î�á�ò�ê ò�ù�ã�â�ë�ï
á�æ�é5ã�ñ�ä�å�æ�ß�æ	ç�á�æ	Ý.á�ò�ç�ì�í�ß
ò�Ý�ã�é�ê�
0á�ò�õ�î�â�Ü>Ý�î�
4à��#����� � 

��t)ï�v�v ◦ Ú _�j�`Iâ�ë�è�ø�Ý0à�õ�æ	Ü�ê�á�à�ã�æ	ú�<O_&`/@ aJb7c ä � î�æ�Ü>æ�ï
ég��Ý0î�á�ò�ê¡ò�ù�ã�â�ë�á�æ	é5ã�ñWù�î�ò�é�á�æ��0æOù�ò�î$ì�â�ù$ò�
2ù�î�æ	Ü>Ý!â ð ï
Ü>Ý�á�Ý�á�â$ê�õ�ì�æ���ò4ß�âWõ$ê�ã�Ý�á�

õ�î�æ4ê�ë�ì�ê�Ý�ã�é�êWã#ò�ù�ÞIÝYë'â ð ï
Ü>Ý�á�Ý�á�â$ê$ÿ�é�â$ì�è ó�Ü>â�é�é�â�æ�á�á�è�ÿ6ì�â�á�â�ú�
>ë�÷�ò�é5ã�á�æ	é�ã�â�

Hα


�ù�æ�ã�æ	î�è�Ý)á�Ý+ù�æ�î�î�Ý5ì�â�î�à�í9ãIé���ò ð æ	ú7æ�î�ç	â�ã#ò#ì�ñ	á�æ�ï
��æIõ�Ý�î�â�æ�ß
ò%û	� b���sO� 
/�-�S{�
�<�_/`/@ a�b�c â7ß�îQä �5ä
8�Ü>â�é�é5â�ê
ë9ì�â�á�â�â Hα

á�Ý�â�é5÷�Ý ð ò�Ý�ã�ß
ò#Þ�ÝKá�ò9á�Ý0æ�ç�ì�à�÷�Ý�á�á�æ	úIé�ã�æ�ï
î�æ	á�Ý�ë�ã�æ	î�â�÷�á�æ���æ�ù�æ	Ü>õ�æ	á�Ý�á�ã4ò�äi á�Ý0ù�æ�ã�æ	î�è�ÿ���! 3 á�ò�ç�ì�í�ß
ò#ì�â�é5ñ,ë	é�õ�è�ø�ù�âöã�â$ï
õ�ò o <|� s�� ä+%�ò�õ�î�â�Ü>Ý�î�
�à<é5â�é�ã�Ý0Ü>è�� b���s�� õ�æ%ò�î�ÿ$â�ë�ï
á�è)Ü õ$ì�ò	é5ã�â�á�ù�ò	Ü�� à/�5ò�î�æ	ë�û�@4{�z�_���æ�ç	á�ò�î�à�Þ7â$ì´ß�ë�Ý
ë	é�õ�è�ø�ù�â'ë 3 ï¶õ�æ�ì�æ�é5Ý�ò�Ü>õ$ì�â�ã�à0ß�æ�ú�x .m jw�/x .m {

�òy�Kì�â�÷â¡ß�î3ä�û�v�x�x�x

;v7x�x�v���á�ò�ç�ì�í�ß
ò#ì�â,ë�é5õ�è�øIù�â]ëd��ï+â^<)ï
õ�æ�ì�æ	é0ò#ÿ2ä i ���$v
@ Ú x�ä j�u�_/`&@4x�ë�é5õ�è�øIù�â7á�ò�ç�ì�í�ß
ò�ì�â�é�ñ
á�Ý0æ�ß�á�æ�ù�î�ò�ã�á�æ'û���ò�ù$é5ã�Ý5ßOâ!ß�î3äA
�v7x�x7_/�.ë�á�Ý ð ò�ã�Ü>Ý0á�â$ê�




��� ���)�
�/�w���� 
�)¡

¢
£7¤¦¥/§&¨7©4ª�«�¨�¬g£=­�¨¦®�¯&°+±�­
¥/²�³ ¨�´g­
¯
£�­
¥/²�¨7§
£�¯
«�­
¤�®�£7±µ·¶ §&¨7¸&°�¯�§/¨�¹
ºO»&¼/½�¾J¿7ÀyÁ ¤'Â+­+¨�¯
©�­�¨�¯
Ã�¤�°�¬g¬�Ä�¤'Â+¸
¤�Ã�­
¤�¯
©g¥/¢
¬4­ ¶

­
ª�Å¦®�¯�®g£7¬4³�Æ/­�¨�Ã7°�²>ÂS¨7«�Ç=¨wÈ�®ÉÈ=«ÊÇE¯
¸�¤�§/¤�³]¯
­
£�¬g¸
«�¨w°�¬
Â�°�¯�­e«�¤�°�­*¤�£d¸
¬4­
£7´g¬4­
¤�«�®�§/¤�´4¤·Â+¤]¸�¨)Â1¯
¤'Â+¯�¨�Ä�¨7©4¤�­�¨�¹Ë ¸
¯
«�ª�¬¦Ã7°�¬'®�§&¨·¬g¬Ì«�¤�«�®�¬�Å]¤�Ã�°+¨�®g£4È&Å]Ä
¬g¸�¬4³#¬g­�­
ª�Æ�¯
Í £w¨yÄ
¬4¸
¬4³#¬4­
­
¤�®�£7±+Æ+­
¬'®�¤�³#­
¬g­
­�¤�Æ�®g«7È
©4¨�­�¨¦®�¤Ì«�£7¤�¸
¯
¢ ¶
­
ª�³�§/¤�³#Ä
¤�­
¬g­
£�¤�³�¹;Î�Ä
¤7°�±�©g¥ Í £7¤�´4¤·£)¨�§&Ï.¬y´4¤�«�¤�¸�È
£
¤�Ã�­�¨7¸�¥�Ï=¬g­
­�ª�¬ÑÐ>¯
«�¬4¸�®�¤�³G¯*Â1¸�¹�Ò ½'Ó�¼wÓ�Ô «�®�Ä
ª�Ç.§
¯Õ«Ö�¶ Ä
¤�°�¤�®g¬.«�¤Ñ«�¸
¬4³JÈ]©4¨7£�³#¬g­
¯&È:Ã�¬g°�¤�´4¤Ì§&¨7¸
°�¯
§&¨
¹;×-­
´
¯eÂ+¸�¹OÒ ½4Ó�Ó�½'Ô ¤�£�³#¬4¢�¨7²�£)ÆW¢
£7¤*®g¸�¨7©4¥*Ä
¤�®�°�¬·«�®gÄ
ª�ÇE¬4§
Ä
¤)È
«�°
È
²O£�®ÉÈ�®�¯
°�±�­
¤�®g³#¬4ØE¬g­�­
ª�¬ §/¤�³#Ä
¤�­
¬g­
£�ª Hα

Æg§/¤ ¶
£7¤�¸
ª�¬W«�¤�©g­
¯�§/¨�²O£�¤�§/¤�°�¤�Å�¤�°�¤'Â+­
¤�´g¤�§/¤�³#Ä
¤�­
¬g­
£w¨�¹gÙ�¤ ¶
«�¯&Â+¯�³#¤�³#¥�Æ�Ä�¤�¸
¤)Ï=Â1¨�²OØ.¨7È¦¯&Ål³ ¨7£7¬4¸
¯&ÈlÃ�ª�°1¨Ê«�ª�Ã�¸
¤ ¶
ÇE¬4­�¨^«�¤*«�¸
¬'³JÈÚ«�®�Ä�ª�ÇE§
¯�¹�Û�Ã*¤�Ã�­�¨7¸�¥�Ï=¬g­
¯�¯�§/¤�¸
¤ ¶
­�¨7°�±�­
ª�Å=«�ª�Ã�¸
¤�®g¤�«�³ ¨�®g®gª6¥ Ë-¶ §�¤�³#Ä
¤�­�¬g­
£w¨�®�¯+®�£7¬'³#ª
®�¤�¤�Ã�ØE¯&°�¯ÚÐ>¤�­&ÂÜ¯6Â+¸�¹�Ò�Ý�Þ�Þ ½)Ô ¹�Û-®�¤�Ã�¬g­
­�¤:È
¸
§/¤*«�ª ¶
¸�¨7Ï.¬g­+¨¦Ä
¬g¸�¬4³#¬g­�­
¤�®g£7± º�»/¼/½.¾�¿�À «Ì¸�¨wÂ+¯
¤'Â+¯+¨7Ä�¨�©g¤�­�¬
Ò�³#¬�Â�°�¬4­
­�¨wÈyÄ
¬4¸
¬4³#¬4­
­
¤�®g£7±�¯y«�®gÄ
ª�ÇE§
¯ Ô ¹�Î�®�¬�Â1¨�­
­
ª�¬
¥/§&¨7©gª�«�¨7²�£.­�¨=«�©4¨7¯+³#¤'Â+¬gß�®g£7«�¯�¬-§/¤�³#Ä
¤�­
¬4­
£7¤�«y®g¯�®�£�¬ ¶
³#ª�¹Sà�¤ Í £�¤Ì­
¬.Ä
¬g¸
¬4£7¬g§&¨�­
¯
¬E«�¬gØ.¬4®�£�«�¨l®.¨7§
§
¸�¬gá
¯
¬4ß�Æ
¨�«�©4¨�¯�³#¤'Â+¬4ß�®�£7«�¯
¬�³ ¨�´g­
¯�£7¤�®4â�¬g¸�Æ7®g«7È
©4¨�­
­
¤�¬�®�¨7§
£�¯
« ¶
­
¤�®�£7±�²ã«�£7¤�¸
¯�¢
­
¤�´4¤Õ§/¤�³#Ä
¤�­
¬4­
£w¨�Ò�Ù�¬g£7¬4¸�®�¤�­�¯ÜÂ+¸�¹AÆ½4Ó�Ó ��ä+å ¯�³Ü¯$Â+¸�¹AÆ ½4Ó�Ó � Ô ¹Sæ�¨7§
¯�¬¦§
¸
¥/Ä
­
¤�³ ¨�®�Ç.£w¨7Ã�­�ª�¬
³ ¨7´4­
¯
£7­�ª�¬�®�£7¸
¥/§
£�¥�¸�ª6³#¤�´g¥/£�Ä
¬g¸�¬g­
¤�®�¯
£7±Ê³ ¨�®g®g¥�Æw§/¤ ¶
£7¤�¸�¨wÈ*Ä
¤�°�­
¤�®�£7±�²ç¯&°+¯Õ¢�¨�®�£7¯�¢
­
¤dÃ�¥4Â+¬g£:¨7§
§�¸
¬gá
¯�¸
¤ ¶
«�¨�£7±�®ÉÈÑÃ�¬�°+ª�³*§&¨7¸&°+¯
§/¤�³�¹

Î�¸�¨7Ã�¤�£7¬-ÐI°+¯
¢Ì¯yÂ1¸�¹èÒ�Ý7Þ�Þ�Ý Ô ¯
©g¥/¢�¨7°�¯�®g±EÄ
¸
¤)È
«�°�¬ ¶
­
¯&ÈdÅ/¸�¤�³#¤�®4â�¬g¸
­�¤�ß�¨7§�£7¯
«�­�¤�®�£�¯d¥éÂ+«�¤�ß
­
ª�Å�®g¯�®�£7¬'³�Æ
Ä
¸
¤�ÇE¬�Â+ÇE¯&Ådâ�¨�©g¥dê�ë�¹�ìO«�£7¤�¸
ª�¤�£�³#¬g¢�¨�²O£)Æè¢
£7¤·«�£7¤ ¶
¸
¯
¢�­
ª�¬Õ§/¤�³#Ä
¤�­
¬4­
£7ªí« Í £7¯&Å�®g¯�®�£�¬4³ ¨wÅèÆ�¯�³#¬4²OØE¯�¬�Æ
§&¨7§�Ä
¸�¨�«�¯&°+¤�Æg§/¤�­
«�¬4§
£7¯
«�­
ª�¬ ¤�Ã�¤7°�¤�¢
§
¯�¯&°�¯�´}°�¥/Ã�¤�§
¯
¬
§/¤�­
«�¬g§
£�¯
«�­
ª�¬$©g¤�­
ª�Æ>®gÄ
¤�®g¤�Ã�­
ªî´g¬g­�¬g¸
¯
¸�¤�«�¨�£7±Õ³ ¨�´ ¶
­
¯
£�­
¤�¬ÑÄ
¤7°�¬lÂ+¯
­�¨�³#¤ ¶ Í â�â�¬4§
£7¤�³�¹Jï�­/Â+¯
§&¨�£7¤�¸
¤�³T­�¨ ¶
°�¯
¢�¯&È?³ ¨7´g­�¯
£7­
¤�´g¤*Ä
¤�°
ÈÚ¯?³ ¨7´4­
¯
£7­
¤�ß?¨7§
£�¯
«�­
¤�®�£7¯
Ä
¤�©ðÂ+­
¬4´g¤]§/¤�³#Ä
¤�­
¬g­
£w¨$È
«7°�È
¬g£�®ÉÈ�Ä
¸
¯�®g¥�£�®�£7«�¯
¬�«:¬g´g¤
®�Ä�¬g§
£7¸�¬Ì°�¯�­
¯
¯ D3 HeI(λ ñ7ò ¼ ��óô Ô ¹#õ�£w¨�°+¯
­
¯&ÈeÄ�¸
¯ ¶®�¥/£�®g£7«�¥�¬g£=«l®�Ä
¬4§
£7¸�¨7ÅÑ³#­
¤�´g¯&Åéö>ê>Î-¹

ï�³#¬g¬4£�®ÉÈ=­�¬gÃ�¤�°�±�Ç=¨wÈE´4¸
¥/Ä
Ä�¨-ö>ê>Î-Æ�´}°1¨7«�­�ª�³�§/¤�³ ¶
Ä
¤�­
¬g­
£�¤�³�«�§�¤�£7¤�¸�ª�Å�È
«7°
È
¬4£�®ÉÈ$´4¤�¸�È
¢
¯
ß^®g¥�Ã�§&¨7¸&°�¯�§
÷Éø
ù ¶ £7¯�Ä�¨
¹Êæ�¨7§
¯
¬?®g¥/Ã�§&¨7¸&°+¯
§
¯~¢�¨�®g£7¤G¤�§&¨7©4ª�«�¨7²�£�®ÉÈ
Ä
¥'°�±�®g¨7£�¤�¸�¨�³#¯�¹ Îú¢�¨�®g£7­
¤�®�£7¯�Æ ¥eû�ü ½ ����� ¶ Þ ½ ò Ä�¥4°+± ¶®g¨�á
¯
¯é­�¨7Ã�°�²>Â1¨�²O£�®ÉÈé«�®�¬�«�¸
¬4³JÈ�Æ&§
¸�¤�³#¬�´}°+¨�«�­
¤�´g¤E©'¨ ¶
£�³#¬4­
¯&È�Æ
§/¤�´ÉÂS¨E´4¤�¸�È
¢
¯
ßÑ§�¤�³#Ä
¤�­�¬g­
£=­
¬�«�¯&Â+¬g­�¹
Ù�¬4¸
¯ ¶
¤'Â+ª~Ä
¥'°�±�®4¨7á
¯�ß ½ ò » ¯ ½g»�½ ®�Æ�¨�³#Ä&°�¯
£7¥4Â+ª Á Þ .m Þ ½ ¯Þ .m Þ�Þ ñ Ò Ë ¯&°�§/¬g­
­�¯Ñ¯ÌÂ+¸�¹AÆ ½4Ó�Ó ò Ô ¹�Î>¤�©4³#¤)Ï¦­
¤�Æ�¢
£7¤y«�¸
¬ ¶³#¬g­+¨�³#¯¦Ä
¥'°�±�®g¨7á�¯
¯¦­�¨7Ã�°�²>Â1¨�²O£�®ÉÈy£w¨7§&Ï=¬�¥ ù>ý ÖOþd¿ ¹

ÿ��������	��
���
���������� ��
���
���
��	������
������
� ���

Û�Ã�Ø.¯
ß�«�¯/Â.®gÄ
¬g§�£7¸�¨�©'¨7«�¯+®�¯
£�¤�£�®�Ä
¬4§
£7¸�¨7°�±�­
ª�Å�§&°+¨�® ¶
®�¤�«y¤�Ã�¤�¯&ÅÌ§/¤�³#Ä�¤�­
¬4­
£7¤�«y¯�¤�£y®g¤�¤�£7­
¤�Ç.¬g­
¯
Èé¯&ÅéÃ7°�¬'® ¶
§&¨
¹
ÎÜ§�¤�¸
¤�£�§�¤�«�¤�°�­
¤�«�¤�ß¦¤�Ã7°+¨�®�£7¯éÄ
¸
¬4¤�Ã7°1¨)Â1¨�¬g£E¯�©�°�¥ ¶
¢
¬4­
¯
¬Ê´}°+¨�«�­
¤�´g¤=§/¤�³#Ä
¤�­
¬g­
£w¨�¹�æ;¨�³6­�¨7Ã�°�²>Â1¨7²�£�®ÉÈé¨�Ã ¶

®�¤�¸
Ã�á�¯
¤�­
­�ª�¬l°�¯
­�¯
¯6«�¤'Â+¤�¸
¤'Â1¨
Æ�§&¨7§eÄ�¸�¨7«�¯&°�¤�Æ ®é¥/© ¶
§/¤�ß�á
¬4­
£7¸�¨7°�±�­�¤�ß Í ³#¯�®g®g¯
¬gß�Æ����! �¯"���! # �£7¤)Ï=¬E¢�¨�®�£7¤
® Í ³#¯�®4®�¯
¬4ßd«Ìá�¬g­
£7¸�¬�ÆS°�¯
­�¯
¯ Í °�¬4³#¬4­
£7¤�«%$�Æ'&ÊÆ	(.Æ*),+
«]¸�¨7©4­
ª�ÅÕ®�£w¨wÂ+¯&È&Å*¯
¤�­
¯
©4¨�á
¯
¯�¤�£� # - �Â+¤ º Æ ¯�­
¤�´ÉÂ1¨
°�¯
­�¯
¯¦«�ª�®g¤�§/¤�¯
¤�­
¯
©4¤�«�¨�­
­
¤�´g¤�./��¹�à�¨�Ä
¸
¯�³#¬4¸�Æ7«Ê®�Ä�¬g§ ¶
£7¸
¬ ù�021 ñ Þ ◦ Ý ò � Ó Ä
¸�¯�®�¥/£�®g£7«�¥/²O£�°�¯�­
¯
¯3./� º  - ðÆ�¨e«
®�Ä�¬g§
£7¸�¬4� 0 »�Ó�¼wÓ ò Á °�¯
­�¯
¯5./� º ¹'6Ê°�¯
­
­
¤�«�¤�°�­
¤�«�¨wÈ
¤�Ã�°+¨�®g£7±Õ®gÄ
¬g§�£7¸�¨�Ä
¤�Ã�¤7°+±�ÇE¬4ß?¢�¨�®�£7¯Gâ�¤�¸�³#¯�¸
¥�¬4£�®ÉÈ
§
¸�¨�®�­
ª�³$§/¤�³#Ä
¤�­
¬g­�£7¤�³�¹871Â+¬4®g±-Ä�¸
¯�®�¥/£�®g£7«�¥/²�£�°�¯
­
¯
¯
«�¤'Â1¤�¸
¤'Â1¨�Æ�³#­
¤�´g¤�¢
¯�®ð°+¬g­
­
ª�¬]¨7Ã�®�¤�¸�Ã�á
¯
¤�­
­
ª�¬d°�¯
­
¯
¯
­
¬4ß
£7¸�¨7°�±�­
ª�ÅÕ¯Ú¤'Â+­
¤�§�¸�¨7£7­�¤$¯
¤�­
¯
©4¤�«�¨�­
­
ª�Åe³#¬4£)¨7° ¶
°�¤�«ÕÒ9.:��Æ ¾ + Æ�&�+�Æ º Æ þ<; Æ=$?>+Æ=& ¿ Æ@$ ¿ ÆBA.Æ=C ¿�Ô ÆJÄ
¤�°�¤ ¶
®�ª Ä
¤�´}°�¤�ØE¬4­
¯&È?³#¤7°�¬4§
¥'° ¾ +D( Ò ¢+¨7ØE¬$«�®g¬g´g¤ Ô Æ�ê>¨�àyÆ./�E�Ê¹�F�¨�®g£7¤d«�¯/Â+­
ª Í ³#¯�®g®g¯
¤�­
­�ª�¬l°�¯
­�¯
¯ Í °+¬4³#¬g­�£7¤�«$�Æ'&ÊÆB(ú¤�£G - �Â+¤ º ®�£w¨)Â1¯
¯$¯�¤�­
¯
©'¨7á
¯�¯�Æ	$ ¿  # ðÆ'���H O¯���! # ðÆ Í ³#¯�®g®g¯&È^«·á
¬g­
£�¸
¬l«�¤'Â1¤�¸
¤'Â+­�ª�Åé°+¯
­
¯
ß�ÆJ¨·£w¨7§ ¶
Ï.¬ Í ³#¯�®4®�¯
¤�­
­
ª�¬O°�¯
­
¯
¯é³#¬g£w¨w°�°�¤�«Ê«.¸�¨7©4­
¤�ßÑ®�£7¬4Ä
¬g­
¯
¯
¤�­
¯
©4¨�á
¯
¯�¹

ê�Ä
¬g§�£7¸Ú§/¤�­
§
¸�¬g£7­
¤�ßÚ®�¯�®g£7¬4³#ªî©4¨�«�¯�®g¯
£:­
¬�£7¤�°�± ¶
§/¤Ì¤�£Ñ®�¤�¤�£7­�¤�ÇE¬4­
¯&È�Ã�°�¬4®g§/¨l§�¤�³#Ä
¤�­�¬g­
£7¤�«�Æ1­
¤é£)¨�§&Ï.¬
¤�£$¸�¨�®4®�£7¤)È
­�¯&È*¯e¸�¨�©g­
¤�®�£7¯Õ£7¬4³#Ä�¬g¸�¨�£7¥/¸�³#¬gÏ.Â1¥^­
¯ ¶
³#¯�ÆèÅ&¸
¤�³#¤�®4â�¬g¸
­
¤�ßd¨7§�£7¯
«�­�¤�®�£�¯$«�£7¤�¸
¯�¢
­
¤�´4¤Ñ§/¤�³#Ä
¤ ¶
­
¬4­
£w¨
¹ Ë ¨7§l¤�£�³#¬g¢+¨w°�¤�®�±E¸+¨7­
¬4¬�Æ�¥l³#­
¤�´4¯&Ålö>ê>ÎÚ®�¯
°�± ¶
­
¤Ñ«�ª�¸�¨7Ï.¬g­ Í â�â�¬g§�£l¤�Ã�°�¥/¢
¬g­
¯
È�¹1Î�®ð°+¬ðÂ1®g£7«�¯
¬ Í £�¤�´g¤
«Ê®�Ä�¬g§
£7¸�¬�«�£7¤�¸
¯
¢
­
¤�´g¤�§/¤�³#Ä
¤�­
¬g­�£)¨�Ä�¤)È
«7°
È
²�£�®ÉÈ.¸�¨�© ¶
­
¤�¤�Ã�¸+¨7©g­�ª�¬ Í ³#¯�®g®g¯
¤�­�­
ª�¬�°�¯
­
¯�¯�Æ+­�¬Ê®�¤�¤�£7«�¬4£�®�£�«�¥/² ¶
ØE¯�¬-¬4´g¤¦®�Ä�¬g§
£7¸+¨w°�±�­
¤�³#¥l§
°+¨�®4®�¥�¹Ë ¸
¤�³#¬ Í â�â�¬g§
£w¨$¤�Ã�°�¥/¢
¬g­
¯
È�Æ Ä
¸
¯
¢
¯�­
¤�ßÚÄ
¤)È
«�°�¬ ¶
­
¯&È Í ³#¯�®4®�¯
¤�­
­
ª�Å*°+¯
­
¯
ß6³#¤)Ï.¬4£$Ã�ª�£7±]Å/¸�¤�³#¤�®4â�¬g¸ ¶
­�¨7Èî¨�§
£7¯
«�­
¤�®g£7±ú«�£7¤�¸
¯
¢
­�¤�´g¤ §/¤�³#Ä�¤�­
¬4­
£w¨
¹lö ¨7©g°�¯ ¶
¢
¯
£�± Í £7¯ Í â�â�¬g§
£�ª Â+¤�«�¤7°�±�­
¤dÄ�¸
¤�®g£7¤:I#Ä
¸
¯�¤�Ã�°�¥/¢
¬ ¶
­
¯
¯$®�¯&°+¨ Í ³#¯�®4®�¯
ß]³#¬g­&È
¬4£�®ÉÈ$®.â�¨7©g¤�ß�¤�¸
Ã�¯
£w¨w°�±�­
¤�´4¤
Ä
¬4¸
¯
¤'Â1¨�ÆSÂ+¤�®g£7¯
´�¨7È^³ ¨�§&®�¯�³#¥&³ ¨�«�«�¬g¸�Å&­
¬4³G®�¤�¬ðÂ+¯�­
¬ ¶
­
¯
¯Ú§�¸�¨�®g­
¤�´4¤]§&¨�¸&°�¯
§&¨
ÆI§�¤�´ÉÂ1¨]§Ú­�¨7Ã�°�²>Â1¨�£7¬�°�² ¤�Ã ¶
¸�¨�ØE¬g­+¨$¬4´g¤^Ä
¬4¸
¬g´4¸
¬g£w¨7È6®g£7¤�¸
¤�­�¨
¹�Ù�¸
¯�Å/¸�¤�³#¤�®4â�¬g¸ ¶
­
¤�ßÜ¨7§
£�¯
«�­
¤�®�£7¯�®�¯&°+¨ Í ³#¯�®4®�¯
ß�­
¬$³#¬4­&È
¬g£�®ÉÈÜ®$â�¨ ¶
©g¤�ß�Æ7­
¤�³#¤)Ï=¬g£�³#¬g­&È
£�±�®ÉÈ¦®�¤�«�¸�¬4³#¬g­�¬4³�¹�Ù�¸
¯+³#¬g¸
ªÕÈ
¸ ¶
§/¤?«�ª�¸+¨wÏ.¬4­
­
¤�ßZ¨7§
£7¯�«�­
¤�®�£7¯�³#¤)Ï¦­
¤Ü­�¨7Ã�°�²>Â1¨7£�±?¥.�. ôKJML Æ@$ ¿ ÷ �G ðÆ=�ON Ó Æ ù�0P1 Ý � ◦ Ý » Þ ñ ÆBQ ý ½ � Ý Ó 1 ¼ ò Þ�Æû�ü ½ Þ�Ý � 1 Þ�Þ�Ý&Æ ù û þ ¼/½ Ý ½g» Æ ý $ ½ � »&¼/½g¶É½ Ý ñ7ò ¹BR Ä
¤ ¶
®ð°+¬ðÂ+­
¬4ßÌ­�¨�Ã7°�²>ÂS¨w°+¨�®�±�Â1¨7Ï.¬�«�®�Ä�ª�ÇE§&¨�« Hα

Ò Ë ¨�â�§&¨
¯6Â+¸;¹�Æ�Ý7Þ�Þ�Ý Ô ¹@R ­
¬4§/¤�£7¤�¸
ª�Å6®g¯�®�£�¬4³úÄ
¸�¤)È
«7°
È
¬4£�®ÉÈ�¯
Å&¸
¤�³#¤�®gâ�¬4¸
­�¨wÈl¨�§
£7¯
«�­
¤�®g£7±E«�£7¤�¸
¯�¢
­
¤�´4¤Ê§/¤�³#Ä
¤�­
¬g­�£)¨
¯ Í â�â�¬g§
£E¬g´g¤.¤�Ã�°�¥/¢
¬g­
¯
ÈdÒ9. Ý » Æ ù>ý ÖOþ�¿ Æ º�»/¼&½O¾�¿�À ÆÖOÖ ) ; ��Æ ºO»/¼�¼ C	S L Æ ù�0 ¶ Ý�Ý ◦ � » � ¼ Æ<Q ý Ý7Þ ½ � 1 » Þ�Þ�ÆQ ý ½ Þ ½ � ¶ Þ ñ � Æ·ü 0 Ý » ñ Æ".�. ôKJML Æ�û�ü ½ Þ�Ý � 1 Þ�Þ�Ý
Æ
ù û þ ¼/½ Ý ½g»/Ô ¹

Î ½ ò ¶ £7¯.®ð°�¥/¢�¨7È&ÅÊ¯
© ñ Þ ¶ £7¯ÌÒ ���MT Ô «�£7¤�¸
¯
¢
­�ª�ßE§/¤�³ ¶Ä
¤�­
¬g­
£�È
«7°
È
¬4£�®ÉÈE¨7§
£�¯
«�­
ª�³·§�¸�¨�®g­
ª�³�§&¨7¸&°+¯
§/¤�³�¹gë�® ¶
°�¯éÏ.¬�Ä
¸�¯
­
¯�³ ¨�£7±¦«�¤y«�­�¯�³ ¨7­
¯�¬-£�¤7°�±�§�¤y£7¬Ê®g¯�®�£�¬4³#ª�Æ
Â�°
È$§�¤�£7¤�¸�ª�Å�¢
£7¤ ¶ £7¤é¯
©g«�¬4®g£7­
¤Ì¤é«�£�¤�¸
¯
¢�­
¤�³Ú§/¤�³#Ä
¤ ¶
­
¬4­
£7¬�Æ�£7¤ Í £w¨�Â+¤7°
È¦«�¤�©g¸+¨�®�£�¬g£-Â+¤ ñ �MT ¹�êI°�¬�Â+¤�«�¨7£7¬g°�± ¶­
¤+Æ7³#¤)Ïy­�¤�¥�£�«�¬g¸�Ï=Â1¨�£7±�Æw¢
£�¤�­
¬�³#¬g­
¬4¬�¢
¬4³]¥.Ä
¤7°�¤�«�¯ ¶
­
ª*ö�ê>Î ¶ ®�¯+®�£7¬'³�«�£7¤�¸
¯
¢
­�ª�ßE§/¤�³#Ä
¤�­
¬g­�£OÄ
¸
¬�Â1®�£w¨�«7°
È ¶
¬g£¦®g¤�Ã�¤�ßlÅ&¸
¤�³#¤�®gâ�¬4¸
­
¤ ¶ ¨�§
£7¯
«�­
ª�ßÌ§
¸+¨�®�­�ª�ßÑ§&¨7¸
°�¯
§�¹

Î$®gÄ
¬g§�£7¸�¨wÅ�­
¬4§/¤�£7¤�¸
ª�Å�ö>ê>Î]©'¨�³#¬g£�­
ª^®ð°�¬�Â+ª^¤�§/¤ ¶



U�V	WYX'Z/[]\^[_Z/`/a:b!c�a*dMWfe-Z/agW?X'h]ifj/k:l�W2ema'eH\nWoc�l pMq

r:s8tHuwv!toxzy:sw{Hs�uwv!|�v!}H~_u8�:�@��swt!��sf��y/sz���/~_s5�H~ws5�/�/sf�/u_�r:v!y/�/vGsM}^~n�_~w�Ms8u��?���]r:��y:�f�:�nrg�<�_�/�/�:vH�/�/�	���2�w�/�/�]���vH�	�	���=�_�<uw�/vE��vHy:�8����yz�_�_rz��xg�_v!~w}m�����/�/sw�]�_���:�wt^�xzu8swvHy:y:�n���!���:}!}^�]� Hα � ��vHy/y:v!}_���*s8�:}^~_v!y:}^v!y*���E w w�M¡o�¢ vHy:~_�:�nrz£wy/s8v�s8�w�:�w|�vHy:�/v�}^r:�/���MsM�¤u8v^r:�/�,sz�K�/sw�!~_s_����4y/v¥��sf�¦vH~¦uws8tHy/�/�:y/�,~_£�u§�/v!tH�Er:£n~n�_~wvO�:sw{¨r:s8|�vHy:�]�u©�w~w��s8}!ªPvH�/v8���«�!rz£n~_�:�wªP�:s_r:v!~_swu8s8�¬}H�/vH�:~_�/v��!~_sw­��v®}^�:}H~_v!��¯°�±r:�/y/�/­³²?´Yµ��O¶]·¸´Yµ��O¹�µºy:�_�wr:��xg�wvH~n�}m�§�MsM���/swy:vHy/~f�8}Hsws8~_uwv!~w}^~_u8�,��|��:­§}H�,sw�/sM}^~_� ∼ �*�:��»_}_�¼ y5uws8tHy/�:�,�wvH~½uwy:�M~w�/��}^�z}^~_vE��¯¾u%{^�_t!vw�	u8swt!�w�M�¦xg�_vH���s8�¿�8v^r:¯��3�]�_�/r:�/�,s8����ÀP~_s_�Á~_s<uw�:sExzvG}^~w�/v!��{!�/vHy/s8u_�}^�,s8­¾tHswy:¯ �ÃÂ ���/�:vw�¦Ä��w­:��swy]xB�G�E wÅ8�8¡o��ÆÇ}^�z}^~_vE��¯È ²"�w�fÉ q Éf�¨�!Å_�,É2u4y:vH�,sw~_s8�/¯�Ê<ª2�_t!�_ÊËu8sExzsw�/sExgy/¯KvOr:�]�y/�/���z�_toxguwswv!y/¯2�nuwtE�_�:��y:swvK�/swr:sf��v!y/�/v��!���:}!}^�/�G�§�w�_�}^s8�/�w�:�/�G��vHy/�/vH~w}m� �ÁÌ �]}^~_v!�G��xg�*�¸�/�wÍwÍ8É8¡o�M�?s8�/�/�,{�}H�]�}^~wv!��¯ÏÎ ÈÑÐ�Ò"Ó s8�wy:�w�/�M��v!y/¯�s8}H~n�_~_�/��~_�]�=�_y:y/s8}H~_�*��,sw~_s8�:�n�Ôuw�,xgy:�ÕuÕr:�/y/�/�]Ê Hα
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ø@û7ú�îyóW��÷7ü,û1÷���ó���ó�÷���ò�ñ.ø@ñ���ó�ð�ÿE��ï�ò@ï1î�ñ,ð1ò�(E÷�����ú�"�ï��
ñ�î�÷�;~ü,û7ñ,ü.ø*(*ô _ ü���(kð�÷��&���@ñ�þ'��ï1��ñ�ò�ñ���ò�ñ,ð1÷�;£þ�ð1÷1ò�÷7ù�(
û1ð1÷1ò�ó�"�ù�÷���÷q��÷7îo��÷7ù�ñ,ù�ð ï¡ø@÷���ý�ñ�ù�ü?ï�û1ó@þ�ñ,ð1ÿÌ÷1ð§û1ñ���ó��
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/a2 ���+ø@ñ T1

�©p.848bñ���ð�ó�û1ù�ï��§ð�ñ?îo��ñ,ò@ï�ð�ú��
ò�ïq�,÷1ò���"�ñ��,÷C��÷�îo��÷1ù�ñ�ù�ð-ï�� R2

�ªò�ï-ø@ó�ú�þ*û1ð�÷7ò�ó�"�ù�÷��,÷
��÷7îo��÷7ù�ñ,ù�ð ï�� a �Mò�ï7þ,þ�ð1÷O��ù�ó�ñVî�ñ�ýdø@úbù�ó�î�ó
ô'ªQñ�;�þ�ð�û7ó��
ð�ñ���ÿ1ù�÷��3��÷��@÷ ý�ó�ð�ñ'��ÿ7ù�ï��Y��÷7ò�ò�ñ�����$�ó��Yî�ñ�ýdø@úWp�ð�ó�î�ó
û1ñ���ó�"�ó�ù�ï1î�óEþ,ú�ö�ñ�þ,ð�û1ú7ñ,ðO�nù�÷���÷�p�848bó�$�ó�ñ,ù�ð���÷1ò�ò�ñ'�
����$�ó�ó�î^ï����3"�ð�÷§÷1ð�ò�ï�ýdï1ñ,ðÌò@ï�ü,ù�÷1÷��7ò�ï�ü�ó�ñ|ú�þ���÷7û1ó�;£û
��÷1ù���ò�ñ,ð�ù�(60�þ�ó�þ,ð�ñ�î^ï�0�ô
I�ø@ù�ó�îyó�ü���ò�÷O��û���ñ�ù�ó�;mþ,÷���þ�ð�û7ñ,ù�ù�÷�;£ï���ð1ó�û1ù�÷�þ�ð�ó

��ò�ï7þ�ù�÷��,÷S��ï�ò���ó���ï���û�����ñ,ð1þ%�xp�î�ó@þ,þ�ó��EûS��ó�ù�ó���0eó
��÷1ù�ð1ó�ù�ú�ú�î�ñ�÷7ðW�,÷7ò���"�ñ���÷#��ï�ü?ï£û#0�ò�÷�î�÷7þ�8bñ,ò�ñ�óJ��÷��
ò�÷7ù�ñ1ô� b÷���ó�"�ñ?þ�ð�û7ñ,ù�ù�÷�ï���ð�ó�û7ù�÷7þ,ð�ÿ&0�ï1ò�ï���ð�ñ,ò�ó�ü,ú1ñ�ð1þ%�
û1ñ���ó�"�ó�ù�ï1î�ó Lα/Lbol

ó Lx/Lbol,
�+ø@ñ Lα

�Ðþ�û1ñ�ð�ó��
î�÷7þ,ð�ÿ§ûC��ó�ù�ó�ó Hα

� Lx
�xûÌò�ñ,ù�ð���ñ,ù�ñ7ô*ªw���£÷?ø@ó�ù�÷�"��

ù�(60bï���ð�ó�û1ù�(60 dMe
�Ûü�û1ñ,ü�ø Lx/Lbol ' 1−3·10−3 ôgªw���

b#÷��@ù�$�ï���ø"ï-ýdñQù�ïq��ó���ñ�ï���ð�ó�û7ù�÷7þ,ð�ó5�Hp,ð1÷Ì÷1ð1ù�÷���ñ,ù�ó�ñ
ù�ñ4�7÷���ñ�ñ 10−5 ô�)hñ'��ó�"�ó�ù�ï Lα/Lbol ' 10−4 ø���� dMe

�
ü,û7ñ,ü�ø���"�ð�÷)ù@ïAN � � ��÷7ò���ø*��ïT�1÷���ÿ���ñ���"�ñ�î§ø����1b#÷���ù�$�ï�ô� ï���ó�î�÷��7ò�ï�ü�÷7î6� dMe

��ü,û1ñ�ü.ø�(=ù�ï1î�ù�÷��,÷lp�848bñ���ð�ó�û7ù�ñ,ñ
��ò�÷��,ò�ñ�û7ï�!nð¡þ�û7÷1óE0�ò�÷7î�÷�þ�8bñ�ò�(NóW��÷7ò�÷1ù�(Mø"÷¡ð�ñ�îo��ñ'�
ò�ï1ð�ú�ò�û�(/�Qñ18b÷1ð�÷�þ�8bñ,ò�ù�(603��"�ñ?îy÷���(/"�ù�(kñ7��ò�ï7þ�ù�(kñ
��ï�ò��@ó���ó5�3"�ð1÷§÷��1ú�þ���÷7û���ñ�ù�÷Ìó�0�î^ï��,ù�ó�ð�ù�÷�;�ï���ð�ó�û7ù�÷��
þ�ð1ÿ�!Qô
`^ï ø@ó�÷7ù�ï�����!hø@ñ�ù�ó�����÷���ï�ü?ï���ó��t"�ð�÷���÷7ò�÷1ù�ï���ÿ1ù�(kñ

ï�ò���ó ó«��ñ�ð.��ó¬��ò�÷7þ,ð�ó�ò�ï�!nð1þ%��ù�ï¥ò�ï1þ�þ�ð�÷O��ù�ó��Êø@÷
ù�ñ?þ'��÷���ÿ���ó�0*ò�ï-ø@ó�ú7þ,÷1û)ü,û1ñ�ü.ø�(a� ø@÷4N � ã ��ódî�÷���ú�ðiû1ü?ï�ó��
î�÷?ø@ñ�;�þ�ð�û7÷1û�ï�ð�ÿkþ^î^ï���ù�ó�ð�ù�(�î&��÷���ñ?îE�1ñ'�@÷��,÷6��ï�ò���ó���ï�ô� ô}ñ1ôVò�ï-ø@ó�÷���÷7ò�÷1ù�( dMe

�Ûü�û1ñ,ü�ø¤ù�ï7î�ù�÷���÷U��ò�÷1ð.��ýdñ,ù��
ù�ñ�ñ���"�ñ�î§ú4b#÷���ù�$�ï�ó5����ò�÷7î�ñVð�÷��,÷��,÷1ù�ó4�1÷��@ñ,ñg����÷7ð�ù�(kñ
ó4�,÷7ò���"�ó�ñg�cø"÷ 108 dy�­+hñ,ù�$|óiø"ò�ô�����
�
�n�®'�bñ�þ�ð-ï���÷�$�$�ó
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ÃqÄ�Å5Æ-Ç�È�É�É�É�Ê�Ë4Ì�Í�Í�ÃEÃqÄ*Å5Æ�Ç Â�Î�Î�Ï�Ð ÆÑ]Ò�Ó�Ô'Õ�Ö�×�Ø�Ø Ì�ÙqÚ�Å Ò�ÛoÒ�Ô�Ül× Å Ø�Ò�ÝGÞ�Ò Å Ò�Ø Ì�Í�ß Ø Ì�ÙqÌ Þ�Õ Ã Ö�ÝØ�Ò�Ô'Õ ß/Ù Ö Í�Ù ×�Õ�Ô Ù Ô Ì ÛoàQÛ&Ò�Ó�á Ã Û¦â Å Ò Ù Ö Í ×�Ø Ã ×�ÛEâ Å�Ã Ô'ã�Õ�ÝÔ'Õ�Ö Ã�Ù Û Ì�ä Ø Ã Õ�Ø�à Ú â�Ò Í ×�å�Ö Ú Ò Í Ò Ä Ø�à Úwæ Ö�× æ�Ä*Ì�Ú3ÆOçlÅ × Ä Ýâ�Ò Í�Ì�ä'Ì ×�Õ�Ô Ù5Ç�è Õ�ÒCÛ Ì�ä Ø Ã Õ�Ø�Ò�×:â�Ò Í ×lÖ�Ø Ã�Ú¦ä ×�Ø�× Å�Ã�Å ã�×�Õ�ÝÔ Ù4Ä�Ã Ø Ì ÛoÒ�ÝGâ Å Ò�é�×.Ô�Ô'Ò�Û Æ�ê Ûoâ Ã�Å�Ã�è ×�Ô'Þ Ã Û�â Å Ò Ù Ö Í ×�Ø Ã ×.Û
ë Õ�Ò ä ÒAÔ è�Ã Õ Ì ×�Õ�Ô Ù4è ×�Õ�Þ�ÒTÖ�à Å�Ì�ì ×�Ø�Ø Ì�Ù â�Ò Í Ò ì�Ã Õ�× Í�ß Ø Ì�ÙÞ�Ò Å�Å × Í�Ù é Ã�Ù Ûo× ì7Ä ã�Û Ì�ä Ø Ã Õ�Ø�àQÛ Ã�Ã ã äsÍ Ò�Ö�àQÛ Ã ÛoÒ�ÝÛo×�Ø�Õ Ì Û Ã¦æ Ö�× æ�ÄUí­îQÅ�ì7Ä�Ã&ÃCÄ*Å5Æ�Ç Â.Î�Î�Ï�Ð Æ�ï Ø�Ò ä Ò è�Ã Ô Í ×�Ø�ÝØ�à/× Ã Ô�Ô Í × Ä Ò�Ö Ì Ø Ã�Ù â�Ò�Þ Ì�æ.Ì�Í�Ã5Ç�è Õ�Ò7ã Å Ò�Ö�×�Ø ß�Ì Þ�Õ Ã Ö�Ø�Ò�ÝÔ'Õ ÃqÚ Ò Í Ò Ä Ø�à Ú Þ Ì�Å�Í�Ã Þ�Ò�Ö�Ø�× æ.Ì Ö Ã Ô Ã Õ7Ø Ã Ò�Õ�Ô'Þ�Ò Å Ò�Ô'Õ Ã
Ã�Ú Ö Å�Ì á:×�Ø Ã�Ù5Ç Ø Ã Ò�Õ Ô�Ö�×�Õ Ã ÛoÒ�Ô�Õ Ã5Æoð Ó�ñ Ù Ô'Ø Ù ×�Õ�Ô Ù ë Õ�ÒÕ�×.Û Ç�è Õ�Ò¦Ô'Ö Ù�æ�ß Ûo× ì7Ä ã Ú�Ì�Å�Ì Þ�Õ�× Å�Ã Ô�Õ Ã Þ Ì Û Ã Ì Þ�Õ Ã Ö�Ø�Ò�ÝÔ'Õ Ã4Ã Ô Ì Û Ã Û&Û Ì�ä Ø Ã Õ�Ø�àQÛ&â�Ò Í ×�ÛEÖ�×�Ô ß Û Ì Ò�â�Ò�Ô Å × Ä Ô'Õ�Ö�Ò�ÝÖ Ì Ø Ì�Æò æ Ûo× Å ×�Ø Ã ×lÛ Ì�ä Ø Ã Õ�Ø�à Ú â�Ò Í ×�å¦ãCÞ Å�Ì Ô'Ø�à Ú Þ Ì�Å�Í�Ã ÝÞ�Ò�ÖlóvÒ è ×�Ø ß Õ Å ã Ä Ø Ì�ÙCæ�Ì�Ä*ÌOè�Ì�Æ�ô ×�Û�Ø�×AÛo×�Ø�×�×Qâ�Ò Í�Ù7Ä Ò
õOö Ï Þ�÷�Ô/ã7Ø Ã�Ú Ò�Ó�Ø Ì�Å ã ì ×�Ø�à í Ô�Û Æ-Ç Ø Ì â Å�Ã Ûo× Å5Ç�øwì7Ì Ø æ Ý
ËlÅ�Ì�Í�Ã1ù ×�å Í ×�Ø�Õ Ã5Ç Â.Î�Î�ú�Ð ÆOù Ò æ ÛoÒ ì Ø�Ò ÇOè Õ�ÒlãwØ�× Ì Þ�Õ Ã Ö�ÝØ�à Ú¦û�ü ÝGÞ Ì�Å�Í�Ã Þ�Ò�Ö7â�Ò Í�Ù Ø�×�Ô'Þ�Ò Í�ß Þ�Ò�Ûo×�Ø ß�ý × Æ
ùyÅ�Ì Ó�Ò�Õ�× ïWÌ�Í�Í�Ì Ø Ì�Ã�ï#Ì Þ ø Ò�Ø Ì�Í�ß�Ä*Ì&í­È�É�É Â.Ð Å�Ì Ô�ÝÔ�ÛoÒ�Õ Å ×�Ø�àþÛoÒ Ä�Ã Ü Ã é Ã�Å Ò�Ö Ì Ø�Ø�à/×1ÛoÒ Ä × Í�Ã�Ç ã è�Ã Õ�à/Ö Ì�ÿ Ýá Ã ×lÛ Ì�ä Ø Ã Õ�Ø�à/×4â�Ò Í�Ù5Ç�è Õ�Ò�Ó�à�Ö�à Ù Ô'Ø Ã Õ ß1Ã�Ú Ö Í�Ã�Ù Ø Ã ×Ø Ì Ô'Õ Å ã�Þ�Õ�ã Å ã�Û Ì�Í Ò�Û Ì Ô�Ô Ã Ö�Ø�à Úwæ Ö�× æ�Ä�Æ�ç Ò�Þ Ì�æ�Ì Ø�Ò Ç.è Õ�ÒÛ Ì�ä Ø Ã Õ�Ò Ì Þ�Õ Ã Ö�Ø�à/× dMe

Ý æ Ö�× æ'Ä à�Ô�Õ Ì Õ Ã Ô�Õ Ã�è ×.Ô'Þ Ã Ò�Õ Í�Ã Ý
è�Ì�ÿ Õ�Ô Ù Ò�Õ�Ø�× Ì Þ�Õ Ã Ö�Ø�à Ú9û�ü â�Ò~Ô'Ö�Ò Ã Û äsÍ Ò�Ó Ì�Í�ß Ø�àQÛÔ'Ö�Ò�å�Ô�Õ�Ö Ì Û Æ��4Ì#Ä�Ã�Ì�ä�Å�Ì ÛgÛo× Teff

ö�� Þ Ì�Å�Í�Ã Þ Ã dMeÃ~û�ücÅ�Ì Ô�â�Ò Í*Ì�ä'Ì�ÿ Õ�Ô Ù â�Ò�Ý Å�Ì�æ Ø�Ò�Ûoã��Hâ Å�Ã Ò Ä�Ã Ø Ì Þ�Ò�Ö�Ò�å
Teff

Ã Ô�Ö�×�Õ Ã ÛoÒ�Ô�Õ Ã dMe
Ã Ûo× ÿ Õ:Ó�Ò Í�ß�ý:Ã × Å�ÌOÄ�Ã ã�Ô'à í Ö

È ö�õ Å�Ì�æ�Ì Ð Ã Ó�Ò Í ×�×AÞ Å�Ì Ô�Ø�à/å&é�Ö�×�Õ Æ
ï Ø�Ò ä�Ã × Ô Ã Ô'Õ�×.Ûoà Ç â Å�Ã Ö�× Ä ×�Ø�Ø�à/×&ÖYÕ Ì Ó Í�Æ Â Ç Ò�Ó Í�Ì Ý

Ä*Ì�ÿ Õ æ.Ì Ûo×�Õ�Ø�Ò�å Ç Ø�ÒqØ�×�Ó�Ò Í�ß�ý Ò�åWÔ�Ò�Ó�Ô�Õ�Ö�×�Ø�Ø�Ò�å Ì Þ�Õ Ã Ö�ÝØ�Ò�Ô'Õ ß�ÿ:ÆtË Ô'Ò ì7Ì�Í ×�Ø Ã�ÿ:ÇDÄ*Ì Ø�Ø�à Ú ÒUØ Ã�Ú Ø�× Ú Ö Ì Õ Ì ×�Õ Æ�4Ì7Ä�Ã�Ì�ä�Å�Ì ÛgÛo× Teff
ö�� ï Ý�Þ Ì�Å�Í�Ã Þ Ã�� Ñ ù Å�Ì Ô'â�Ò Í�Ì Ý

ä'Ì�ÿ Õ�Ô Ù Ûo× ì�Ä ã dMe
ÃUû�ü~Ç Ø�Ò¦Ö&Ò�Ô�Ø�Ò�Ö�Ø�Ò�Û�Ó Í�Ã�ì ×7Þâ�× Å Ö�àQÛ Æ*ðxæ�Ì Ûo×�Õ�Ø�Ò�ÛJÖ Í�Ã�Ù Ø Ã�Ã Û Ì�ä Ø Ã Õ�Ø�Ò ä Ò�â�Ò Í�Ù Ø Ì

äsÍ Ò�Ó Ì�Í�ß Ø�à/× Ú�Ì�Å�Ì Þ�Õ�× Å�Ã Ô�Õ Ã Þ Ã�æ Ö�× æ'Äaä Ò�Ö�Ò Å�Ù Õ�Õ Ì Þ ì ×
Å × æ ã Í�ß Õ Ì Õ�à Å�Ì Ô è ×�Õ�Ò�Ö Ë ã�Þ Ì�Ã¦Ä�Å5Æ�íGÈ�É�É õ Ð Æ� ë å�ÛoÒ�Ø ÄWÃqÄ�Å5ÆDí­È�É�É õ Ð â�Ò�â�à/Õ Ì�Í�Ã Ô ß Ô Å�Ì Ö�Ø Ã Õ ß�Ì Þ�ÝÕ Ã Ö�Ø�Ò�Ô�Õ ß Þ Å�Ì Ô'Ø�à Ú Þ Ì�Å�Í�Ã Þ�Ò�Ö7Ö � Ñ ù Ô Ì Þ�Õ Ã Ö�Ø�Ò�Ô�Õ ß�ÿÞ Ì�Å�Í�Ã Þ�Ò�Ö7â�Ò Í�Ù5Æ�ù Þ ÌOè ×�Ô�Õ�Ö�×lÛo× Å�Ã�Í�ÌCÌ Þ�Õ Ã Ö�Ø�Ò�Ô�Õ Ã¦Ã Ô�Ýâ�Ò Í�ß�æ Ò�Ö Ì�Í�Ì Ô ß Ö�× Í�Ã�è�Ã Ø Ì Lx/Lbol.

ù Å × æ ã Í�ß Õ Ì Õ�×¦â�Ò�Ý
Í ã è�Ã�Í�Ã5Ç5è Õ�Ò Ä Ò Í�Ù�Ì Þ�Õ Ã Ö�Ø�à Ú Þ Ì�Å�Í�Ã Þ�Ò�Ö Ã Ö�× Í�Ã�è�Ã Ø Ì
Ì Þ�Õ Ã Ö�Ø�Ò�Ô'Õ Ã Ö Ã Ø�Õ�× Å Ö Ì�Í × ï#É ö ï Á Þ Ì ÞEÓ�ã Ä Õ�Ò1Ö�à ý ×lã� Ñ ùrÇ�è ×.Û9Ô Å × Ä*Ã¦æ Ö�× æ'Ä â�Ò Í�Ù5Æ	 Ò�Õ Ù Ó�Ò Í�ß�ý�Ã Ø�Ô'Õ�Ö�ÒfÖ�Õ�Ò Å�Ã�è Ø�à Ú Þ�Ò�Ûoâ�Ò�Ø�×�Ø�Õ�Ò�Ö
� Ñ ù Ã Ûo×�×�Õ�Ô'â�×�Þ�Õ Å�Ì�Í�ß Ø�à/å�Þ Í�Ì Ô�Ô ï~Ç Ö�Ô�Õ Å × è�Ì�ÿ Õ�Ô Ù
ÃJÄ�Å ã ä�Ã ×
� î Ï�� í �rú�Ï�Â ü�
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­�®$¯�¯ M2 ≤ 0.4

a = 11.36M2 − 0.23.

°�±$±�²�³�±$´Nµ3³�¶�µ
a·Y¸�¹ º�»�¼ ±$½�±$¶�¾z²�¶�¿�±$À ¯ ¶ ¯ ²$µ ­ÂÁÃ�­ µ3³�Ä�´ ® µ3² ¯ ¼ ¯bÃ�­ µ�³�Ä$´Nµ3³�¶�µ ­ a ¹�Å ¯ » ÃYÆ�® µZÇ�È
¶�É3Ê­ µ3³�µ3³�¶�µ ÁÂ­ ±DËw³�±E±$¿�¶ ¯3® ²$ÄEÌ ® Ì Á:Í�Î ¹ÐÏDÑ�Ò�Ó�¹�Ô Á ° Å¿�Õ�¶b½�± » Ä�´O¶�¾ a
À$µ » ¶ Æ ¶�³ ®LÁ ± Æ µ3³�Äv½$Ö ¯ ²�Õ�± Ã ½$Ö>À ® µ3²D×¿�±$ÊØÀ�¶YÙ4¶ ­ ± ­-Ã ×�¿�±Z³�µ » ¶�³�µ�Ú�³�± ­-Ã É ® ÌY±�³ Ã ¹�Û Õ�¶ a < 8Ã�­ µ3³�Ä�´Oµ�³�¶�µ ¸ É ®$­ µ)Ù »�¼ µ�² ¯ ¼ ¶bÙ »�¼ 1 < a < 5

¶�É ­ µ3Ê³�µ�³�¶�µ ­ ±DËLµ3²[½$Ö>²$Ä[±$¿�¶ ¯�® ³�±[Ì ® Ì Á8Í�Î ¹~Ñ ¢�Ü a · Î ¹ Î$Ý Ü ¹Þ ³�²�µ�Õ�µ ¯ ³�±�× Æ ²$±�¿�Õ�¶ a ≤ 1
Ì�Õ�¶�À ® ¼ À�Ö8¾�±+Ù4¶�²V³ ®G®$¯ ¶ ­ Ê¿�²�±�² Ã 0.d1

×�² ¹ µ ¹�Ñ�¹ ¢ Æ4®$¯3® ¹Yß ²�±L±$½ » ®$¯ ²�ÄW¿�Õ�±�À ® » ® ¿�µ�Õ�¶�Ê±+Ù4±�À ¹Þ ² ® Ì1× ¯ ±�±$²�³�±�´Oµ�³�¶ ¼ ­ µ)ËLÙ Ã ¾ ® Õ ® Ì�²$µ3Õ�¶ ¯ ²�¶�Ì ®$­ ¶¯ ¶ ¯ ²�µ ­ ±$½�±$¶�¾{²�¶�¿�±$Àz¿�Õ�¶x³�µ�Ì�±�²�±$Õ�± ­ ¶�¾,Õ ® É » ¶ Æ ¶�¶Àáà�µ » ± ­ ¿�±D¾�±DËw¶ ¹ Þ ¯ Ì »�â Æ µ�³�¶�µ ¯ ± ¯ ² ® À »�¼ µ�² ¯ ±$±$²$³�±�Ê´Oµ�³�¶�µ ­ µ)ËLÙ Ã a
¶

M1 ¹5Ô Á ° Å ­ µ)ËLÙ Ãgã ²�¶ ­ ¶áÀ$µ » ¶�ÊÆ ¶�³ ®$­ ¶ ¯ À ¼ É3¶E³�µ3²D× Ã Ç�ÈÂÀ�µ » ¶ Æ ¶�³ ® a
Õ ®�¯ ²�µ�² ¯NÃ À�µ)Ê

» ¶ Æ µ3³�¶�µ ­ M1 ¹cÅ µ�Õ�± ¼ ²�³�µ�µWÀ ¯ µ3ä3±4× Æ ²�± ã ²�±^¶�É ­ µ3³�µ�³�¶�µ±$½ Ã�¯ » ±$À » µ3³�±WÙ » ¶�²�µ » Ä$³�Ö ­ ¿�Õ�±$à�µ ¯3¯ ± ­u® Ì�Ì�Õ�µ3à�¶�¶1×�ÌY±�Ê²�±�Õ�Ö>Úb¶YÙ4µ3²vÀ�Ç�È\¶b±$² ¯3Ã ² ¯ ²�À Ã µ�² Ã�Á ° Å�¹å ® Õ�¶ ¯ ¹ Ü ¿�±�Ì ® É ® ³�±áÕ ®$¯ ¿�Õ�µ)Ù4µ » µ�³�¶�µ[¿�± » ³�Ö8¾ ­ ±�Ê­ µ3³�²�±$À[À�Õ ®�æ µ3³�¶ ¼ µ ÃqÁ ° Å × ¯ ¶ ¯ ²�µ ­ ²$¶�¿ ®Zç�è�èVé Ó¶ è�ê�ë3ì ¹�í ²�±$½�Ö Æ ¶ ¯ » ® × Ã Ì ® É ® ³�³�Ö>µ�³ ® ± ¯ ¶ ® ½ ¯ à�¶ ¯�¯ ×¿�µ�Õ�µ3À�µ ¯ ²$¶wÀ�µUÙ4¶�³�¶�à�Ötîgï ç[ð ä · ¯�­ 2 ñMò)ó ×�¶�¾w³ ® Ùc± Ã�­ ³�±�ÊËw¶�²�Äg³ ® Ò ·1050 ¹�Å ¶YÙ4³�±4× Æ ²�± ¯ ¶ ¯ ²�µ ­ ÖÂ²�¶�¿ ®gè�ê�ë�ì¶ ­ µ â ²�À ¯ Õ�µ)Ù4³�µ ­ ½$± » Ä$´N¶�µ ­ ± ­ µ�³�²�ÖW× Æ µ ­ Ù4À ® Ù4Õ Ã Êä3¶�¾�²�¶�¿ ® ¹ °�¶ ¯ ²�µ ­ ÖW×�±�Ì�Õ Ã ËNµ�³�³�Ö>µ�¿ » ® ³�µ3² ® Õ�³�Ö ­ ¶W² Ã Ê­�® ³�³�± ¯ ² ¼ ­ ¶S×>³�µá±$² » ¶ Æ�® â ² ¯ ¼ ±$²z¿�Õ�± Æ ¶�¾ Á ° Å�¹ å ®Õ�¶ ¯ ¹ ô ¿�±$Ì ® É ® ³�±>Õ ®$¯ ¿�Õ�µUÙ4µ » µ3³�¶�µ ¯ ±$½ ¯ ²�À$µ�³�³�±�ä3± ­ ± ­ µ�³�Ê² ® À�Õ ®�æ µ3³�¶ ¼ ÌY± ­ ¿�±�³�µ3³�²$±$ÀZÀE¿�Õ�±�à�µ3³�² ® ¾u±$²E¿�± » ³�±�Êä3± ­ ± ­ µ3³�² ®�¯ ¶ ¯ ²�µ ­ Ö ¹ ï ® Ì[¶gÀ�¿�Õ�µUÙcÖ:Ù ÃYæ µ ­{¯ » ÃYÆ�® µõ Õ�¶ ¯ ¹ Ü$ö ×�ÌY± ­ ¿�±$³�µ�³�²�Ö ¯ ¶ ¯ ²�µ ­ ²�¶�¿ ®Nè,ê�ë3ì ±�½ » ® Ù ® â ²½$± » Ä$´N¶ ­Â­ ± ­ µ�³�²�± ­ × Æ µ ­ Ì�± ­ ¿�±$³�µ3³�²�Ö Á ° Å ¶ ¯ ¶�Ê¯ ²$µ ­ ²�¶�¿ ®Zç�èÂèVé Ó�¹ å ±bÀ$±[À ¯ µ)¾ ¯ » ÃYÆ�® ¼ ¾q± ¯ ³�±$À$³ ® ¼Æ�®�¯ ²�Ä ­ ± ­ µ3³�² ® À$Õ ®�æ µ�³�¶ ¼ É ® Ì »�â Æ µ3³ ® À�±�Õ�½$¶�² ® » Ä�Ê³�± ­ Ù4À�¶�ËNµ�³�¶�¶1÷ µorb >> µ1 + µ2 ¹
Û Õ�¶@À�Ö Æ ¶ ¯ » µ3³�¶�¶tÀ$µ » ¶ Æ ¶�³ µ

À$Õ ®�æ µ�³�¶�µgÌY± ­ ¿�±�Ê³�µ�³�²�±$À ¯3Æ ¶�² ® » ± ¯ Ä ¯ ¶�³�¾�Õ�±�³�³�Ö ­b¯ ±$Õ�½$¶�² ® » Ä$³�Ö ­ ¹�º�»�¼Á ° Å ã ²�± Ã ²�À�µ3Õ�ËLÙ4µ3³�¶�µW³�µW± Æ µ�À$¶YÙc³�± ¹ ï ¯ ±DË ® » µ3³�¶ â ×Ù ® ³�³�Ö8¾�± ¯ Ì�±�Õ�± ¯ ² ¼ ¾uÀ$Õ ®$æ µ3³�¶ ¼ ÌY± ­ ¿�±$³�µ�³�² Á ° Å À
» ¶�²$µ3Õ ® ² Ã Õ�µ�± Æ µ3³�Ä ­�® » ± ¹ å ® Õ�¶ ¯ ¹øÒ ¯ ±�¿�± ¯ ² ® À » µ�³�Ö�¿�µ)ÊÕ�¶�±+ÙcÖT± ¯ µ3À�±$ä�±�À�Õ ®�æ µ3³�¶ ¼ À$²$±$Õ�¶ Æ ³�Ö8¾qÌY± ­ ¿�±$³�µ�³�²�±$À
P2

¶f±�Õ�½$¶�² ® » Ä$³�±�ä3±z¿�µ�Õ�¶�±+Ù ® P ¯ À$µ » ¶ Æ ¶�³�±$Ú ­�®�¯ Ê¯ Ö\À�²�±$Õ�¶ Æ ³�±�ä3±�ÌY± ­ ¿�±$³�µ�³�² ® ¹ùÅ ¶YÙ4³�±4× Æ ²$± P ≥ P2 ¹ °Ã�­ µ3³�Ä�´Oµ�³�¶�µ ­ À$µ » ¶ Æ ¶�³�Ö M2

Õ ® É�³�¶�à ®b­ µ)ËLÙ Ã ³�¶ ­ ¶
Ã�­ µ3³�Ä�´ ® µ3² ¯ ¼ ¶t¿�Õ�¶ M2 ≤ 0.3

³ ®$¯ ² Ã ¿ ® µ�² ¯ ¶�³�¾YÕ�±�Ê³�¶�É ­ ¹5ú ® ÌY±�µO¶�É ­ µ3³�µ�³�¶�µ P2

¾�±$Õ�±$´O±w¿�±$³ ¼ ²�³�±�À^Õ ®$­ ÊÌ ® ¾z¿�Õ�µ)Ù ¯ ² ® À » µ3³�¶�Ú{±u²�±�Õ ­ ±DËNµ�³�¶�¶tÀ °�û ¹üº ® ³�³�Ö8¾±wÀ$Õ ®�æ µ�³�¶�¶&ä » ® À�³�Ö8¾�ÌY± ­ ¿�±$³�µ�³�²�±$Àvµ æ µ ­ µ3³�Ä$´Oµ�×�³�±¿�±D¾�±DËNµ$× Æ ²�±E²�µ3³YÙcµ3³�à�¶ ¼ ² ® Ì ® ¼ ËLµ$÷ ¯^Ã�­ µ3³�Ä$´Oµ�³�¶�µ ­
P
Õ ® É3³�¶�à ®�­ µ)ËLÙ Ã P1

¶
P2
Ã�­ µ�³�Ä$´ ® µ3² ¯ ¼ Ùc± ¯ ¶�³�¾�Õ�±�Ê³�¶�É ® à�¶�¶�À�Õ ®�æ µ3³�¶ ¼1¹Þ É8À$Ö>´Oµ ¯ Ì ® É ® ³�³�±$ä3± ¼ ¯ ³�±4× Æ ²�±G³�¶L±+Ù4³ ® ¶�É8¾ ® Õ ® Ì�Ê²�µ�Õ�¶ ¯ ²$¶�Ì Á ° Å ×�³ ® ½ »�â Ù4µ�³�³ ® ¼ ¶ » ¶[À�Ö Æ ¶ ¯ » µ3³�³ ® ¼ ×�³�µ

±$² » ¶ Æ�® µ�² ¯ ¼ ¯3Ã�æ µ ¯ ²�À$µ�³�³�± ±$² ¯ ±$±�²�À$µ�² ¯ ²$À Ã â æ µ3Ú,¾ ® ÊÕ ® Ì�²�µ3Õ�¶ ¯ ²�¶�Ì�¶�Ç�È ¹ å ¶t±+Ùc³ ® ¶�Ég¾ ® Õ ® Ì�²�µ�Õ�¶ ¯ ²$¶�Ìt³�µ±$½�³ ® Õ Ã Ëw¶ » ® ½$¶ ­ ±+Ù ® » Ä$³�±$ä3±bÕ ®�¯ ¿�Õ�µUÙ4µ » µ3³�¶ ¼ ×r¿�±+Ùc±$½�Ê³�±�ä3±fÕ ®�¯ ¿�Õ�µUÙ4µ » µ3³�¶ â ¿�µ�Õ�¶�±+Ù4±�À ¹Lý ³ ®DÆ ¶�²D×L¿�Õ�¶ Æ ¶�³ ÃÕ ® É3³�¶�à�Ö ­ µ3ËNÙ Ãá¯ ¶ ¯ ²$µ ­�®$­ ¶e³ ® Ù4±[¶ ¯ Ì ® ²�Ä[Àg¶�¾ ã À$±�Ê
»�â à�¶�¶ ¹Á�®$¯)Æ µ3²�Ö ­ ±+Ù4µ » µ3Ú�Ù4À�±$Ú�³�Ö8¾ ¯ ¶ ¯ ²�µ ­ ¿�±�Ì ® É3Ö>À ® â ²+×Æ ²�±N¿�Õ�¶^± Æ µ3³�Ä�½$± » Ä$´N¶�¾LÕ ®$¯3¯ ²�± ¼ ³�¶ ¼ ¾ a ­ µ)ËLÙ Ã ÌY± ­ Ê¿�±�³�µ3³�² ®�­ ¶ ¯ ¶ ¯ ²�µ ­�®�Ã�¯ ²�±$Ú Æ ¶�À ® ¹:Û ± ­ µ3Õ�µE¶�¾ ¯ ½ » ¶�ÊËNµ�³�¶ ¼ Ã�¯ ²�±�Ú Æ ¶�À�± ¯ ²�Ä ¯ ±D¾�Õ ® ³ ¼ µ�² ¯ ¼ ×:¿�±$Ì ® À$µ » ¶ Æ ¶�³ ®
µ Ã ½$Ö>À ® µ3² ¹ ïG±�äQÙ ® ¿�Õ�¶t¿�Õ�±+Ù4± » Ë ® â æ µ ­�¯ ¼ ¯ ½ » ¶�ËLµ)Ê³�¶�¶@Ì�± ­ ¿�±$³�µ3³�² µ

³ ®DÆ ¶�³ ® µ3²eÀ�±$É3Õ ®$¯ ² ® ²�Ä�×�Ì�±�³�þG¶�ä Ã ÊÕ ® à�¶ ¼ ¯ ² ® ³�±�À$¶�² ¯ ¼ ³�µ Ã�¯ ²�±�Ú Æ ¶�À�±$Ú ¹ û ¯ » ¶{±$²$³�±$´Nµ3³�¶�µ
M1/M2

À�µ » ¶�Ì�±4×S²�±q¿�Õ�¶ ¯ ½ » ¶�ËNµ3³�¶�¶uÌY± ­ ¿�±�³�µ3³�² ­ µ)Ê³ ¼ ²�Ä ¯ ¼ ½ Ã Ù4µ�²gÀg± ¯ ³�±$À�³�± ­�¯ Ì�±�Õ�± ¯ ²�ÄgÀ�Õ ®�æ µ3³�¶ ¼ À�²�±�ÊÕ�¶ Æ ³�±$ä�±ZÌY± ­ ¿�±�³�µ3³�² ® ¹ î[¶�³�¶ ­�® » Ä$³ ® ¼ À$µ » ¶ Æ ¶�³ ®q­ ±�Ê­ µ3³�² ® µmin
½ Ã Ùcµ3²�Ù4± ¯ ²�¶�ä�³ Ã ² ® ¿�Õ�¶ ­�® Ì ¯ ¶ ­�® » Ä$³�±�Ú¯ ÌY±�Õ�± ¯ ²�¶\À$Õ ®$æ µ�³�¶ ¼1¹Gß ²$± Ã�¯ » ±$À�¶�µe¿�±$É�À$± »�¼ µ3²{±�à�µ)Ê³�¶�²$ÄW¿�Õ�µUÙcµ » Ä�³�±$µ8Õ ®�¯3¯ ²$± ¼ ³�¶�µ l0

×�¿�Õ�¶vÌ�±�²�±$Õ�± ­Z¯ ¶ ¯ ²$µ)Ê
­�® ± ¯ ² ® µ3² ¯ ¼ µ æ µ Ã�¯ ²�±�Ú Æ ¶�À�±$Ú1÷

l0 = 2.4554(
ρ1

ρ2

)1/3R2, (∗)

äQÙ4µ
ρ ÿ ¿ » ±�²�³�± ¯ ²�ÄwÌY± ­ ¿�±$³�µ�³�²�±$À ¹û ¯ » ¶ a < l0

× ¯ ¶ ¯ ²$µ ­�®^¯ ² ® ³�±$À�¶�² ¯ ¼ ³�µ Ã�¯ ²�±�Ú Æ ¶�À�±$Ú ¹
Å ±�À ¯ µ3¾ ¯ » ÃYÆ�® ¼ ¾ù×DÌY±$äQÙ ®V¯ ±�±$²�³�±$´Oµ�³�¶�µ õ�� ö ­ ±DËw³�±�½$Ö8Ê
» ±b¿�Õ�¶ ­ µ3³�¶�²$Ä[Ì ¯ ¶ ¯ ²�µ ­�®$­ Ç�ÈO× Ã�¯ » ±�À$¶�µ a < l0

À$Ö8Ê
¿�± » ³ ¼�» ± ¯ Ä ¹�Å ¯ » ÃYÆ�® µ�×�ÌY±$äQÙ ® À$µ » ¶ Æ ¶�³�Ö M1

¶
M2±+Ù4³�±�ä3±E¿�±$Õ ¼ Ù4Ì ® ×�À�Ö Æ ¶ ¯ » µ3³�¶�µ ­ ± ­ µ3³�² ® É ® ²�Õ Ã Ù4³�µ3³�±²�µ ­ × Æ ²�±bÕ ® Ùc¶ Ã�¯ ÖfÌY± ­ ¿�±�³�µ3³�²&½ Ã Ù Ã ²&¶�É ­ µ�³ ¼ ²�Ä ¯ ¼ ¯ ±¯ ÌY±�Õ�± ¯ ²�Ä â À�Õ ®�æ µ3³�¶ ¼1¹ ��Ù4³ ® ÌY±�± ¯ ³�±$À�³ ® ¼ õ ±�Õ�½$¶�² ® » Ä�Ê³ ® ¼ ö Æ4®$¯ ²$Ä ­ ± ­ µ3³�² ® ½ Ã Ù4µ�² ∼

√
a ¹ Þ À ã ²$± ­ ¯ » Ã ÊÆ�® µ�² ® Ì�ËNµ�Ù4± » Ëw³�± ¯)ÃYæ µ ¯ ²$À$±$À ® ²�Ä�³�µ3ÌY±�²�±$Õ�±�µ�Õ ®�¯3¯ ²�±�Ê

¼ ³�¶�µ�× ® ³ ® » ±�ä3¶ Æ ³�±$µ:¿�Õ�µUÙcµ » ÃNÁ ±�´ ® ¹$Û Õ�¶ a < l0
³�¶�Ì ® ÊÌ�¶�¾NÕ ® À�³�±$À�µ ¯ ³�Ö8¾ Ã�¯ ²$±$Ú Æ ¶�À$Ö8¾�ÌY±$³�þG¶�ä Ã Õ ® à�¶�Ú ¯3Ã�æ µ)Ê

¯ ²$À$±$À ® ²�ÄZ³�µ�½ Ã Ùcµ3² ¹�Å Ö Æ ¶ ¯ » µ�³�¶ ¼ ¿�±�Ì ® É ® » ¶1× Æ ²�± ¯ ±�Ê¯ ²$± ¼ ³�¶�µ��
µmin � ³ ®$¯ ² Ã ¿ ® µ�²�Ùc±wÌ�±�³�² ® Ì�² ® þG¶�ä Ã ÕS×�² ¹ µ ¹Ù4± ­ ± ­ µ3³�² ® ³ ® ¶�½�± » Ä�´Oµ�ä3±bÀ$±�É ­ ±DËw³�±$ä�± ¯ ½ » ¶�ËNµ�³�¶ ¼1¹

Û ± ã ²�± ­-Ã ÌY±$³�² ® Ì�²�³�Ö>µ8ÌY±$³4þG¶�ä Ã Õ ® à�¶�¶ ­ ±+Ù4µ » µ3Ú Á ±$´ ®½ Ã Ù Ã ²W³�µ Ã�¯ ²�±$Ú Æ ¶�À$Ö ¹ °�Õ ® À$³�µ3³�¶�µVÀ$µ » ¶ Æ ¶�³ a ¯ À$Ö Æ ¶ ¯ Ê
» µ�³�³�Ö ­ ¿�Õ�µ)Ù4µ » ± ­EÃ�¯ ²$±$Ú Æ ¶�À$± ¯ ²�¶ õ ïGÕ ® ²D× Ï Ý Ü Î ö ¿�±$Ì ® ÊÉ ® » ±�× Æ ²�±gÀ ¯ µ3äQÙ ® Ù »�¼ Ç�È a < l0

×5Ù »�¼ Á ° Å a > l0 ¹Å ¯ ¿�Õ ® À�± Æ ³�¶�ÌYµ í µ�Õ�µ3¿ ®$æOÃ Ì ® ¶ZÙ4Õ ¹ õ Ï Ý�Ý ô ö ¿�Õ�¶�À$µ)Ù4µ)Ê³�Ö{Õ ® Ù4¶ Ã�¯ Ö Á ±$´ ® R0

Ù »�¼ À$²�±�Õ�¶ Æ ³�Ö8¾wÌY± ­ ¿�±$³�µ�³�²�±$ÀÁ ° Å�¹>Å ±�À ¯ µ)¾ ¯ » Ã�Æ4® ¼ ¾ R0 < a
À�³�µ ¯ ÌY± » Ä$ÌY±uÕ ® É ¹

ú ® Ì�¶ ­ ±$½$Õ ® É3± ­ × Á ° Å ­ ±DËw³�± ¯)Æ ¶�² ® ²�Ä ¯ ¶ ¯ ²�µ ­�®�­ ¶1×ÌY±$²�±�Õ�Ö>µ ¯ ±D¾�Õ ® ³�¶ » ¶ Ã�¯ ²�±$Ú Æ ¶�À$± ¯ ²�ÄáÀe¿�Õ�±�à�µ ¯�¯ µ ã À$±�Ê
»�â à�¶�¶1×�Àw²$±LÀ�Õ�µ ­ ¼ Ì ® ÌgÇ�È\¿�µ3Õ�µ3´ » ¶&¿�Õ�µUÙ4µ » Ã�¯ ²$±$Ú�ÊÆ ¶�À�± ¯ ²�¶ ¹
Å Õ ® ÉUÙ4µ » µ ¢ ±�² ­ µ Æ4® » ± ¯ Ä�× Æ ²�±G½$± » Ä$´O¶�³ ¯ ²�À�±�ä » ® À�Ê³�Ö8¾eÌY± ­ ¿�±�³�µ3³�²�±$À Á ° Å ¿�± ¯ » µ Ã ¾�±+Ù ®[¯ À$µ3²$À$¶eÌ�Õ ®�¯ Ê³�Ö8¾
ä3¶�ä ® ³�²�±�À�×�¿�±�Ê À$¶YÙc¶ ­ ± ­-Ã × ¯ ² ® ³�±$À ¼ ² ¯ ¼ ã Ì ¯ ²�Õ�µ)Ê­�® » Ä$³�Ö ­ ¶q±$½��Sµ3Ì�² ®$­ ¶ å Å�¹ Þ ¾&Ù ® » Ä$³�µ�Ú�´ ® ¼ ã À$± »�â Êà�¶ ¼ ¿�Õ�±D¾�±+Ù4¶�²>¿�±�¿ Ã ²�¶�� ì Ó
	���
 ë � ¶ » ¶ ¸�·���� ê�� õ Ã ¾�±+Ù

¯ � ê�� Õ ® ³�Ä$´Nµ ö ¹�Å ²$±OÀ$Õ�µ ­ ¼ Ì ® Ìw½ Ã Ù ÃYæ ¶�µ�Ç�È{Ùc±D¾�±�ÊÙ ¼ ²LÙ4±wÀ�µ3Õ�¾ ® � ê�� ×�äQÙcµW¿�±$À�²�±$Õ�³�±w¿�Õ�±D¾�±+Ù ¼ ² ¯ ² ® Ù4¶ â
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� �+�������A���
�r�
�
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|�� = �������
��}$�������&~ � = ~7|��o~
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}�� = � =)@

y.}�~ �-=�< y � � ? ����� � ��� ��? �
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} =�?7=$? �
~ � � B
¡4¢�¢
:¤£¦¥�§ {-¨¦©«ªl¬ ¥T=e¡4­¯®>°�±�@-��? ~U��� = �³²�~&���
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? �-�
�����´�����
��~&�8�
}������´��� � ������� ? �
~&� =�=$� ~&µl�¶�����$�
�
� = ~_��}�� = �+�
�$���$�o~W��~&} = � � �¸·

P > 0.d5 ¹ @)º ~ � ��~7}$���
���
}�� = �»�Y����|������¤�A� � ������~7������|T����~7���¼|�� ? ��� = {������&�
�
�
� � = � � ~7�$~7� = ~o���$~ ? ����{8����� ? �$��|��$~7���$��~��r½5½�~7����� � ���8�
}$�
�W~7� =�� {+|�~ � = �A���¾���
��~7~

1m @ y.��~&���
}��¿���r� = ���
µl� ?6�
} �A� � � � ? ����~&����� ? �
~&� @

À¤Á-Á$ÂÄÃUÅ$Æ �Ç²�~7�$�
}$�8�����$� � �7|�~7� � �È�
� � �
����� ? � =
ÉlÊsË_Ì�@�Í ���
~&}�~ ? ���${I�����g�
� � ������� ? �
�¤��~[| =A� ���T|g� = �
� =�� �

Hα
=

λ
¢�;�Î
:ÐÏÑ�Ò Ó�Ô,ÔhÕ {���� � }$�A� � |

λ
;�Ö�ÖA×�ÏÑ�ÒÙØ4ÔÚÔÚÔhÕ @

�Ä? ��~&���
}�~g�7|�~&� � ������~7��� ? = �$�����Û� �'=�?7? = �������o~T� = �
� =�=Ü£ ÔÚÔÚÔ = Ó�Ô,ÔÚÔ {Ý�»� = � =�=¿ÉlÞ Ô =�ß ~ ÔÚÔ ? ���
��� @�à }����

�7��� = ���
~7}$~ ? �$���¤� ? ����~&����� ? �
��µ � |
� � ~7� ?6�¼= ��|�~&} ? ���o�
���
�$� � ~&}���| ? � = � � ~&��}�~ � ~7���+{����
���A�
}$�����
~&}���� � � �g£.¡
·âál���A~7}){�y.�
~&������� � { Ì&ã�ã�Ö ¹ @&º �
��� � ½���} � � � ~7��}�~ � ~7���8�
�A���
�7�o|��
~&���$�W�
�${A���
�[|�� � ��}�� � ���o~o� = � =�= ½���} �'= }����µl� ?6� |ä���$��������� ? ��� � �U�
� � � ? ½�~7}$�´|��
��} = ���$���7�ä�A� � �
������~7���8� @+Í {+�$���A����~&²){+~7åU~¦� � �$�4� ? ����~7����� ? �
�l�æ|�� � �
�
}�� � �$�o~Ý� = � =$= }$�
� � |���~7���Ü·âç =$� �
� ? � = � =ä� } @ {+è Ö�Ö�: ¹ @< �
� � |���~7� = ~ ? �����
|�~7� ? �
|���~7� ? �A��}$� ? � =_é�Ö�Ö+ê�é
:�Ö � ��ë8?�=
��~ � ~&� � ~7� ?6� |��
~&��~7� = ~���}$� = �8�8���������7�_��~7} = � � � @�ì ���
��} =�� ~7}����»|eè êAé }$���&� � ~7�$���U~�}��
� � |���~&� =�� � = � = �¶|
�
�$��}�~7² = �����$��� ��=$? ���
� £.¡W@�ß �
������� ?7=$? �
~ � �

≈ 30◦
{

���
��{+|���� � �+�����${&� � ~&�����_�
~&���$�
���$µ � ��~ � �Aµ´|�~7� = � = ���}$��� � |���~7� =�� |�� � ��}�� � �����b� = � = � @Ýß ���
�$µ � ~&� =��¿í � ? �
�
~&} =¼� } @ ·îè Ö�Ö�; ¹ �������
�&�
� = {A���
�T��� ? ��}���² =�� |[²�~&���
}�~
|�� � ��}�� � �$���W� = � = � � ~7� � ~&� ?6� ���_�Y�$�A� = ��~ = ���
���+�W~ �
� = µ^|[�
~&��~7� = ~5��}�� = �8�8�$�������&�U��~&} = � � � @

ïWðòñ¤óôÅ �õ²�~7����}$�8�$���$� � �7|�~7� � ���
� � �
����� ? � =
öR÷.Þrø�°»Ì�@�º � � �
���$� ? ���_| =A� �$�_|_� = � =�� �

Hα
=

λ
;�Ö�ÖA×
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µ1 + µ2

)9���$&�:$��!�(;��<=&�(>��&-�$!�&�,-&.0&-.1�"!�(;�*�"#+�"(*� .1?
µ @ )�)��A��<+BDC�EFEHGJIJKL� ���")��-M�NOEDPRQ"STKL�����U��)��-M�N
)�!�#UV�B*�OW�XZY

[\1]_^Z`a`�`Abdcfe%g
λ

úih�j
ù [\1] kR`a`Abml�n*g 	Uo l�e 
fpq�"r n"s�t�u�n � e�v
wyx�z|{ g}n { o+~ s x l�t 	 l��6� w�� ~R� t�u x u�e � t�n�t9g�s x u x t�s x vg x�� l x g��6� � t x u x l�� 
y�0	 l�n z�� e�t ~ z �"r n"s�t�u r u�n o$� t�e�g�v
� n�l w l x}�"x}� 	�� � n"l�l ~ w 	 � 	 l 	U� w 	 g ~R� x s x���x g x}{"� �}v� o n"l 	U��
�����	 l�t�n�l ��	 g}l x � t�� �"	 � ��l xRw n"l � n�t �3� g�t�n � n�vl 	 n x u � 	 t�e � �}l x���x r n"u 	 x o eOg r ��x t�� o x 	+� � n { l x g�n"l 	U�� u+e { � r x � � n { e�t w n�l 	U��
�p x o x u x o l ~ n2� w 	�����	�	 u�e { vo g x n"l ~0
}p n � 	 � 	 l�e�u�e { o g x n"l 	��/� ù}� s w�� �R	 l�n w n�l � vn"t �3�/�1� e {"x}z r n�u 	 x o eF���Ou�� w r t x l 	%o u 
 c ��� j}�}� 
�� e�ssUe�s�l�e�s ��x l �"	�� t�n w ~

≈ 80◦
c�t x g�n � 	 � 	 l�eFu�e { o g x n�vl 	U� l�n wyx�� n�t � ~ t�� � �6��n � t�g}n"l�l x � w n"l��} �n"l+e { e � � n"t� �0� n�s�t x g r u x n"s�¡ 	�	�
�� x¢x�� � t x � t�n � � � t�g x c � t x � w 	+� v��	�	 g 	6o l ~ x�� n�l�� ��� 	 { s x s � e { n { e�t w n"l 	U� cf�6s6e { ~ vg}e�n"t�c � t x£x���� e � t�� 	U�F� x u w 	 u x g}e�l 	U� s6e�sUvAt x g x}{ g ~ v �e�n"t �3� l�e o s�u�e�n w g�t x u 	 � l x��"x s x}w r x l�n"l�t�e 


¤D¥ ¦O§f¨ª© ¡�n"l�t�u�e � ��l�e � { g}n { o e r � e�l�n�t�e�u�l x}zt�� w e�l�l x � t 	 � � v « 
�¬�r n"s�t�u ��	�� t�n w ~­	 { � � n"l w e ��x 
p l�n w®w l x���x � w 	��"�"	 x l�l ~¯� � 	 l 	 z±° c °�² ` 	 `a`³c� � n w n"l�t x g�´Zc1k1c;^®g x `�` 	 `a`�` � t�e o+	U�U��	 x l 	 { e�v¡ 	�	µ
��0	 l 	�	 g x o x u x o e¶  	 u x s 	·	 u�e { o g x n�l ~0
����
��x�� �� *e �¸r x�� �i  	 u 	 l+e

≈
ú�j}� s w�� � �isUe { ~ g}e�n"t¹l�e

g x}{�wyx�� l x � t��O �t�e�u�s x g � s x��"x �6  	 u�n"l 	���
�� e { o g x n"l 	 n
≈

« �}� s w�� �;r u 	 l�e�s ��x l�n ��	+� t�n w ~
≈ 40◦

�dº�s � t�n"u 	o u 
 c}« �����i� 
�»�� x}� ~ z 	 l�t�n�u�n � g ~ { ~ g}e���t o � n�t x r x o x�� vl ~ n � t�u��6s�t��6u ~ c6u�e ��r x���x�� n�l�l ~ n r x�x�� n � t x u x l ~ x t¡�n�l�t�u�e � ��l x}z¼{ g�n { o+~0
 � x u�u�e o+	¼	¼o u 
 � ������� � r x sUe�v{ e � 	 c � t x o � n"t ~½� x � t x � t 	 {;x t o n � �}l ~¯� � {���x g�c�s x vt x u ~ n o g 	 � �6t �3�/� x � s x u x � t��}�ªu+e �   	 u�n�l 	U� t�� w e�lUvl x � t 	�
�¾ x l�n�s x t x u ~ n/� {"� ~ g � n"g}n"u x v { e r e o l x�z¿x�� v� e � t 	/o g 	 � �6t �3�2� x � s x u x � t���� r u 	 w n"u�l x g o g}eDu�e�v
{ e �}x�� �} �n z 
�À n � e�l 	 {�w g x�{ l 	 s�l x g�n�l 	U��o � n�t x r x o x�� vl x}z � t�u��6s�t��6u ~Ár x s6e�l�n ��� n"l 


� t�e�s�c+g � n�t�u 	2�"	�� t�n w ~Á� e�u�e�s�t�n"u 	 { �6��t �3� x}� n"l��g ~R� x s x�z t�n w r n"u�e�t��6u x�z �-� e�g�l x��"x s x}w r x l�n"l�t�e
Teff ≥ 105K

	 cRsUe�s � � n o$� t�g 	 n�c ��x�� ��  x}z e w r � 	 vt�� o x}z � �0� n"s�t�e x t�u+e � n�l 	U� c=eÂt�e�s � n ��x�� ��  x}z  	 u 	 l x}z 	 u�e { o g x n"l�l x � t����Ãg x o x u x o l ~¯� � 	 l 	 z 
��� g�t x u 	 � l ~ n%s xiw r x l�n�l�t ~Ä	 w n"��t9u�e o+	 � �"~ ��x�� ��v  	 n�c � n wÅ{ g�n { o+~ Æ � e�g}l x�z r x � � n o x g}e�t�n � �}l x � t 	t x}zÇ� n w e �"�"~0
 �0e�sÇg 	6o l x 	 { u 	+��
 j cÈu�e o+	 � �"~g�t x u 	 � l ~¯� s xiw r x l�n�l�t x g �É¬Ép g � u�n o l�n w¸��x�� �� �nu�e o+	 � � x g { g�n { oÊÆµË c�l xÌx � x�� n"l�l x g}n � 	 sUe¼u�e { l 	 ¡�e
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